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Abstract 

A biography of Elizabeth Anne Brown, bryologist at the National Herbarium of New South Wales (NSW), is provided. She 

joined the staff at NSW in 1989 and died at Tahmoor, New South Wales on the 17th November 2013. 

Introduction 

Elizabeth Anne Brown was born on 15 November 1956 in Auckland, New Zealand. She was the second child 
and only daughter of Barbara Brown (nee Bray, 1929-1998) and John Martin Ainley Brown (1928-2005) 
Professor of Plant Physiology, the University of Auckland) who emigrated from the Newcastle area of northern 
England to New Zealand on 19th March 1956. Since Government State housing was unavailable in New Zealand 
when they arrived, they initially stayed in a transit camp where Elizabeth was born. She had an elder brother, 
John Christopher Brown, born 12th August 1953, who died at the age of three just after Elizabeths birth. The 
family eventually moved into a house in Cathedral Place, Parnell where Elizabeths younger brother David was 
born in 1958. They later moved to Laurie Avenue, Parnell when Elizabeth was five and David three. 

Education 

Elizabeth attended the Parnell Primary School and in her final year was dux of the school. Her secondary 
education was at Epsom Girls Grammar, Epsom, Auckland. She undertook a Bachelor of Science degree 

at the University of Auckland, followed by a Masters of Science degree by thesis (Some Studies in the New 
Zealand Targioniiae and Marchantinae), graduating with honours in 1981. Also at the University of Auckland, 
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she completed her degree of Doctor of Philosophy on Studies in the New Zealand Aneuraceae in 1987. She 
undertook two long-term informal studies, one in French at the University of Sydney and the other in Tai Chi, 
achieving advanced skills in both. 

Employment 

In March 1989, Elizabeth became the second recipient of the Research Fellowship at the National Herbarium 
of New South Wales (NSW). She had completed a revision of the genus Riccardia S.F.Gray in New Zealand 
as part of her PhD studies (Brown and Braggins 1989). NSW was then inviting botanists from fields where 
they lacked expertise to work at the herbarium for short periods of time. NSW was delighted to welcome 
Elizabeth, an expert in liverworts. After her fellowship ended, Elizabeth stayed on at NSW using her own 

funds, participating in several field trips, adding to collections and knowledge, and forming links with other 
Australian bryologists. For several years she filled in temporary vacancies and job-shared part-time until, in 
1993, she was appointed as a botanist (Scientific Officer) at NSW. In her new position, she continued her 
research on liverworts, curated the cryptogam collections and specialised in the systematics of the Ericaceae 
after Jocelyn Powell retired. 

She continued as a Scientific Officer, unwilling to promote herself, partly because of a lack of confidence to seek 
advancement in the more competitive New South Wales Public Service Research Scientist scheme, and partly 
because she was satisfied with her employment classification. Elizabeth wrote most of the Asteraceae flora 
treatment for the Flora of New South Wales. She had a great liking for the daisies and continued to be interested 
in the family after finishing the flora account. Although she did not publish any research on this family, she 

knew it very well and was often called to do the more difficult identifications. She passed on a lot of her 
knowledge and had many discussions about these plants with Louisa Murray, also a flora writer of Asteraceae. 
From 2006 until her illness, Elizabeth was the Scientific Editor of the scientific journal Telopea, generously 
assisting and encouraging authors who were not comfortable with the electronic publishing process. One of 
her major contributions to the journal was to guide the manuscript submission and management process from 
emailed files to full electronic online publishing. Elizabeth was an active member of the Australian Systematic 
Botany Society Inc., recently Australasian Systematic Botany Society Inc., being Treasurer from 2001-2002. 

At work, Elizabeth was an excellent colleague and had a strong corporate ethic. It was with great passion and 
persistence that she helped wrap herbarium boxes in plastic, even though she did not think that this was the 
correct strategy for controlling insect infestation in the NSW collections. During one of the long periods 
of drought she continued weeding and watering garden beds at the Royal Botanic Gardens, Sydney to help 
the horticultural staff, long after others had returned to their herbarium duties. Elizabeth was committed to 
rescuing the Royal Botanic Gardens from the thousands of flying foxes that were destroying the trees. In the 
operation of this trans-location program which lasted for several years, Elizabeth was a stalwart. She would 
arrive at the Gardens before sunrise at least three mornings a week to do ‘bat work’. This involved either 
frightening the flying foxes away by using loud noises or capturing them in mist-nets so that the weight of the 
animals could be monitored. She even reported to her flying fox ‘station’ one Christmas morning. When asked 
why she would do that, her answer was “because no-one else was available!” When we arrived at the herbarium 

after one of these ‘bat work’ mornings, we would often find Elizabeth fast asleep under her desk before she 
started her work for the day. Of course, breakfast was usually eaten at the office, not at her home. 

In many ways, Elizabeth was more process-focussed than goal-orientated. In science, she was often more 
engaged in ensuring the correct research process was undertaken than on the potential outcome. Hence, much 
of her time was spent checking and re-checking the collection of data, more than on the interpretation and 

discussion of results. She organised the herbarium tea club because she could not cope with the kitchen antics 
of an institution, somewhat contrary to her dislike of housework in her own home. She was a Union delegate 

of the Public Service Association, involving all the staff of the Royal Botanic Gardens, Sydney, and was happy 
to assist people who were having problems at work. Although Elizabeth was quiet, reserved and usually not 
demonstrative, she could loudly voice her disapproval when she felt it was necessary. The corporate-speak of 
staff meetings was often reduced to the essential issues by her wonderful cutting comments. 

Field work 

Elizabeth loved field work and managed to go to many places every year. Partly as a result of her annoyance at 
the ever increasing level of public service bureaucracy, Elizabeth personally funded many of her field studies. 
Her most travelled spots were Australia (particularly Tasmania and Queensland), New Caledonia, Fiji, and 
New Zealand, but she also made brief visits to Malaysia, Papua New Guinea and Vanuatu. However, when 
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Fig. 2. Elizabeth Brown collecting Lejeuneaceae, N of Hobu village, E of Sankwep River, Papua New Guinea. 

Photo: Barry Conn 

Fig. 3. Elizabeth Brown drinking coconut milk, Mumeng village, Papua New Guinea. Photo: Barry Conn 
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her collections are studied in detail, it was Lord Howe Island (New South Wales) that she visited most. She 
first went to Lord Howe Island in 2000 and then went whenever she could manage it, sometimes twice in one 
year. The people of Lord Howe Island started a weeding program, and other staff from NSW went with her to 
assist in the removal of Asparagus fern (Asparagus aethiopicus and A. plumosus). While she was weeding on the 
island she made many plant collections, in particular of bryophytes and weeds. She maintained a long-term 
collaboration and friendship with Ian Hutton, specialist naturalist of the Island, who acted as a guide and joint 
collector over many years. In November 2000 Elizabeth and Barry Conn helped Jenny Le Cussans, a short¬ 

term resident of the island, establish an herbarium which is now housed in the Lord Howe Island Museum. 
Each of Elizabeth’s days in the field was long. After all the processing of the vascular plants was complete, the 
bryophyte collections were attended to. Open envelops of bryophytes were pegged to temporary clothes lines 
criss-crossing the room, while others were balancing precariously on or next to the air-conditioner that had to 
remain on all night, even though this made sleeping uncomfortable. The preparation of the evening meal was 
never considered until all collections had been dealt with. The concept of a day off or a short day while in the 
field was never an option. 

Influences 

Her mother and father were both strong influences in her life. Although her father was reported to be very 

demanding and difficult, somewhat abrupt and generally not very sociable, he instilled in her a passion for 
scientific rigour. However, he was concerned about the level of perfectionism that she displayed which proved 
to limit her achievements throughout her scientific career. Her mother, a nurse, was much more affectionately 
remembered by Elizabeth. They shared a passion for sewing and cooking. In 2001, Elizabeth coordinated 

NSW staff and others to make a commemorative quilt for the centenary of the Herbarium. She was one of the 
innovators of the design and one of the major contributors. Her sewing passions led her to sew many beautiful 
shirts, mostly with flamboyant botanical designs, for her brother David. These shirts were made with such 
precision and accuracy that they are truly works of art. Many of the female staff who became pregnant found 
that they had a quilt for their baby to take home. This usually meant long nights sewing at Elizabeth’s as these 
quilts had a due date and, therefore, had to be completed, unlike many of the quilts that she was making for 
herself. 

Elizabeth’s culinary skill was well known. Those who were privileged to have tasted her cheesecakes will 
remember them with relish. Every time there was a herbarium function, Elizabeth usually obliged us with 

one of these delicious cheese cakes. Barry Conn hated ‘NSW Staff Cake Tasting’ competitions when he was 
competing against her! One of her Information Technology colleagues once asked her to cook a cake for him 
so that he could enter in this competition. She complied, but surprisingly, it proved not to be the winning 
entry. Elizabeth was once pulled up in customs as she was travelling with five Christmas cakes that she had 
made for her family and friends and was transporting them in her hand luggage, home to New Zealand for the 
festive season. 

Her restricted dietary requirements, as well as her vegetarianism, also defined much of who she was. Travelling 
throughout far northern rural Queensland was always challenging for her and for her travelling companions. 
Her protests and persistent need to promote the rights of vegetarians, even in meat-loving rural areas, was 
often received with incredulous amusement by the kitchen staff at local road-house eateries. Driving around 
the small township of Herberton, Queensland at 10:00 pm, on a wet Sunday night, in search of an alternative 
cafe that did not exist, proved to be tedious for all involved. However, her frustration at the lack vegetarian 
choices was very understandable, especially when kitchen staff and waiters did not comprehend why vegetable 
soup made with chicken broth was not vegetarian. In Lae, Papua New Guinea, the owner of a small kiosk 

misunderstood why Elizabeth could not eat lamb stew, so during the night she sent her teenage son out in 
a small boat into the Huon Gulf to catch a fish which she served up the next day. Elizabeth ate the fish and 
thanked the woman and her son for being so thoughtful. On these occasions, of which there were many, it was 
always a privilege to be her friend because she had a deep respect for other people. 

Elizabeth was a person of habits. She took comfort in the routine provided by the same repeated activities. 
For many years, she had lunch at the ‘Chifley’ food-court in the city, a massage once every week, every Monday 
emptying the contents of the herbarium refrigerator of unclaimed food, Tai Chi every Thursday evening, later 

every Saturday morning, and down to the farm at Tahmoor every weekend. These routines contrasted with 
the disorganisation and lack of concern for her personal possessions. She was often heard to exclaim that 
something had been ‘stolen’ from her office, only for her Nikon camera, which was normally placed on the 
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floor of her office, to be found under clothing in her cupboard; the stolen $400, taken from her desk, to be 

found a few days later under the keyboard of her computer, or the mobile telephone that was ‘stolen’ from her 
office to eventually be recovered at home! 

Students and mentoring 

Elizabeth was always eager to embrace anyone who was interested in the world of bryophytes, and if she felt 
that others were forgetting their existence she would remind them pronto! For a number of years (1992-2001) 
she spent one day per week at the University of New South Wales working on the systematics of Ericaceae with 
Chris Quinn. She became an Adjunct Lecturer at University of New England (UNE) assisting with the teaching 

of an advanced Systematics course held at UNE and NSW. She was also an affiliate appointed at the level of 
Senior Lecturer at the University of Sydney. She co-supervised many students at both of these Universities, as 
well as James Cook University (see below). Many years ago she also lectured to second year botany students 
at the University of Sydney. However, it was always challenging for Elizabeth to present lectures in the formal 
setting of large lecture theatres. She was more relaxed and made better, less data-intense, presentations to 
smaller workshop groups such as the former NSW Internship program. She co-supervised many students at 
both of these Universities, as well as James Cook University. Students were a big part of her working life. She 
actively supervised the research program, often with them for many weeks in the field, and spending many 

hours discussing the latest metodologies and theories. Of the many students that were supervised, Matt Renner 
continued as a Post-doctoral Fellow with her at NSW. 

She mentored many people, for example Leah Seed (formerly NSW) who worked on the genus Porella 
(Porellaceae), with short-term funds from the Janet Cosh research bequest. She guided Will Cuddy and 
Hannah McPherson both technical officers to Elizabeth in 2002 who worked on the genus Fossombronia 
(Fossombroniaceae), and who both later went on to complete their PhD. She engaged with the herbarium 
scientific volunteers and some of them became workers on bryophytes. Syd Pinner was one such volunteer 
who came in weekly for nearly 20 years to work on the cryptogam collection. Elizabeth was very respectful 
of the staff that curated her groups in the herbarium. She had a very good working relationship with Kathi 

Downs, who with Elizabeth, transformed the bryophyte collection, by changing the way that the specimens 
were physically curated and housed as well as identifying the collection with the most recent names. 

Personal life 

Elizabeth mainly lived alone in an apartment in Erskineville, Sydney; however she was happiest when with 
friends and animals. She spent her weeks with her friends in Sydney and her weekends with Barbara Wiecek 
and John (Rex) Harrison at Tahmoor with the horses, dogs, hens and their garden. Elizabeth was particularly 

interested in gardening and loved growing vegetables and fruits, partly because she was vegetarian. She loved 
all plants, but had a passion for irises and was an active member of the Iris Society of Australia. 

Rex and Barbara tell the wonderful story of the day that she killed a rabbit that had entered the veggie patch 
and was eating the asparagus! She marched in with the dead rabbit, head in one hand and the separated body 
held by its legs in the other, dripping with blood. Apparently this rabbit had performed the mortal sin - it 
existed as a rabbit! Elizabeth said, “This one’s big enough to eat!” Then, with great vigour, she skinned and 
gutted the rabbit with unusual enthusiasm, marinated it in port, cooked and ate it for her evening dinner. 

Elizabeth had three horses in her life, Spangle, Rosie and later Morocco, her horse of recent years. Since she was 
not a natural athlete, she had several tumbles from her horses. Battered and bruised she was often seen limping 
down the corridor at work. However, she said that it was never the horses’ fault. With quiet resolve, she just 
got back up into the saddle and carried on. Elizabeth was diagnosed with primary liver cancer (intrahepatic 
cholangiocarcinoma) in early July 2013. Unfortunately the cancer was spread all through the bile duct and liver. 
Although she undertook chemotherapy it was soon evident that she was very sick, and soon after some time in 
the Royal Prince Alfred Hospital, she was told that although the chemotherapy had reduced the advancement 
of the cancer, it would not help her to get well. She still tried to come to work for an hour or so, looked after by 
her friends in Sydney, particularly Louisa Murray and Linn Linn Lee, who were her close friends and comrade 
sewing enthusiasts. Her University of Auckland friend Carol West also came to stay with Elizabeth a few times. 
Elizabeth’s brother David visited and looked after her many times, and Barbara and Rex set up their home in 
Tahmoor to accommodate Elizabeth in her last couple of months. She was visited there by David and all her 
friends and colleagues, all coming with stories and conversation and large and cheerful bunches of flowers, 
which she loved and appreciated. Barbara took Elizabeth’s horse Morocco to the window where she lay in 
her bed so that she could see and chat to him. The dogs loved the fact that they could share her bed and 
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enthusiastically did so. She died peacefully in the early hours of 17 November 2013, with David, Rex, Barbara 
and friend Frances at her side. Elizabeth will be missed. She was held with affection by her colleagues, to many 
as a close friend, a very private person, who, at one level, was never fully known by anyone. 
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R. alba (Colenso) E.A.Br. Journal of the Hattori Botanical Laboratory 66: 66 (1989) 

R. australis (Hook. f. & Lev.) E.A.Br. Journal of the Hattori Botanical Laboratory 66: 101 (1989) 

R. breviala E.A.Br. Journal of the Hattori Botanical Laboratory 66: 46, fig. 9 (1988) 

R. exilis E.A.Br. Journal of the Hattori Botanical Laboratory 66: 107 (1989) 

R. furtiva E.A.Br. & Braggins Journal of the Hattori Botanical Laboratory 66: 35. fig. 5 (1989) 

R. intercellula E.A.Br. Journal of the Hattori Botanical Laboratory 66: 58 fig. 13 (1989) 

R. multicorpora E.A.Br. Journal of the Hattori Botanical Laboratory 66: 40 fig. 7 (1989) 

R. papulosa (Stephani) E.A.Br. Journal of the Hattori Botanical Laboratory 66: 49 (1989) 

R. pennata E.A.Br. Journal of the Hattori Botanical Laboratory 66: 53, fig. 11 (1989) 

R. perspicua E.A.Br. Journal of the Hattori Botanical Laboratory 66: 55, fig. 12 (1989) 

R. pusilla (Stephani) E.A.Br. Journal of the Hattori Botanical Laboratory 66: 82 (1989) 

R. umida E.A.Br. Journal of the Hattori Botanical Laboratory 66: 38, fig. 6 (1989) 

Zoopsis bicruris Glenny & E.A.Br. Journal of Bryology 28: 332 (2006) 

Calypogeiaceae 

Mnioloma stamatotonum M.A.Renner & E.A.Br. Lieldiana Botany new series 47: 173 (2008) 

Ericaceae 

Dracophyllum macranthum E.A.Br. & Streiber Telopea 8: 393 (1999) 

D. oceanicum E.A.Br. & Streiber Telopea 8: 396 (1999) 

Leucopogon compressicarpus E.A.Br. (manuscript name) 

L. inflexifolius E.A.Br. (manuscript name) 
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8312.2012.01946.x) 

Puente-Lelievre Caroline, Harrington Mark G, Brown Elizabeth, Kuzmina Maria, Crayn Darren M (2012) 
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Cooper Endymion D, Henwood Murray J, Brown Elizabeth A (2012) A molecular phylogeny of the Lepidozia 

generic complex supports re-circumscriptioon of the Lepidozioideae. Molecular Phylogenetics and Evolution 
65: 10-22. (http://dx.doi.Org/10.1016/j.ympev.2012.05.008) 

2011 

Renner Matthew AM, Brown Elizabeth A, Wardle Glenda M (2011) The Lejeunea tumida (Lejeuneaceae: 
Jungermanniopsida) species group is positively polyphyletic. Australian Systematic Botany 24: 10-18. (http:// 
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Cooper Endymion D, Shaw Jonathan A, Shaw Blanka, Henwood Murray J, Heslewood Margaret M, Brown 

Elizabeth A (2011) A multi-locus molecular phylogeny of the Lepidoziaceae: laying the foundations for 
a stable classification. Molecular Phylogenetics and Evolution 59: 489-509. (http://dx.doi.0rg/lO.lOl6/j. 
ympev.2011.02.006) 

Brown Elizabeth A (2011) Focus on bryophytes. Pp 110-112. In Bouchet P, Le Guyader H, Pascal O (eds) 
The natural history of Santo. Museum national d’Histoire naturelle, Paris. (IRD, Marseille; Pro-Natura 
international, Paris) 

Konrat Matt von, Naikatini Alifereti, Tuiwawa M, Soderstrom Lars, Fife Allan J., Renner Matthew A., Brownsey 
Patrick J., Perrie Leon, Hagborg Anders, Poes Tamas, Lumbsch HT., Braggins John E, Seneca Ana, Brown 

Elizabeth A (2011) A brief history of the cryptogams of Fiji and prospects for the future.. Telopea 13(3): 
361-374. 

Soderstrom Lars, Hagborg Anders, Poes Tamas, Sass-Gyarmati Andrea, Brown Elizabeth A, Konrat Matt von, 
Renner Matthew A. (2011) Checklist of hornworts and liverworts of Fiji. Telopea 13(3): 405-454. 

2010 

Renner Matthew AM, Brown Elizabeth A, Wardle Glenda M (2010) The Lejeunea tumida species group 
(Lejeuneaceae: Jungermanniopsida) in New Zealand. Australian Systematic Botany 23:443-462. (http://dx.doi. 
org/10.1071/SB 10037) 

2009 

Renner Matthew AM, Brown Elizabeth A, Wardle Glenda M (2009) Lejeunea pocsii R.M. Schust. is a heterotypic 
synonym of L. helmsiana (Steph.) Steph. (Lejeuneaceae: Jungermanniopsida). Nova Hedwigia 84(3-4): 335- 
346. (http://dx.doi.org/10.1127/0029-5035/2009/0089-0335) 
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Conn Barry J, Streiber Nikola, Brown Elizabeth A, Henwood Murray J, Olmstead Richard G (2009). Infrageneric 
phylogeny of Chloantheae (Lamiaceae) based on chloroplast ndhV and nuclear ITS sequence data. Australian 
Systematic Botany 22: 243-356. (http://dx.doi.org/10.1071/SB09011) 

Renner Matthew AM, Brown Elizabeth A, Wardle Glenda M (2009) Evidence for Species Recognition on the 

Basis of a Single Specimen: Nephelolejeunea carcharias sp. nov. (Lejeuneaceae: Jungermanniopsida) Systematic 
Botany 34: 615-624. (http://dx.doi.org/10.1600/036364409790139754) 
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Abstract 

The new species, Pertusaria elizabethae, is reported from Brazil. The chemistry and morphology of this species 
are discussed. 

Introduction 

An investigation of material obtained in a recent loan of South American material from the Botanical Muesum, 
Finnish Museum of Natural History, University of Helsinki (H) revealed the presence of a new Pertusaria 
species from Brazil. In the present work, chemical constituents were identified by thin-layer chromatography 
(Elix and Ernst-Russell 1993) and comparison with authentic samples. 

Pertusaria elizabethae A.W.Archer & Elix, sp. nov. Figs 1 & 2 

MB 807531 

Similar to Pertusaria novaezelandiae Szatala but containing lichexanthone and baeomycesic acid in addition 
to hypothamnolic acid. 

Type: Brazil. Distrito Federal: Jardin Botanico de Brasilia, 15 km SSE of centre of Brasilia, 15°55'S, 47°50'W, alt. 
1160 m, on trees in recently burned open forest with low scrub (cerradao) on Blepharocalyx suaveolens; T. Ahti 
& G. Eiten 45833d, 17 Jan 1987; holotype: H; isotype: UB. 

Thallus corticolous, off-white to pale grey; surface smooth and slightly glossy, lacking isidia and soralia. 
Apothecia disciform, numerous, white, conspicuous, scattered or sometimes crowded, 0.3-0.8 mm diam.; 
margin conspicuously inrolled; disc white-pruinose. Hymenium 200-225 pm tall, not inspersed; ascus apical 
dome 1+ blue. Ascospores 1 per ascus, ellipsoid, colourless, 120-150 pm long, 36-54 pm wide, with a thin, 
single wall 2-3 pm thick. 

Chemistry: hypothamnolic acid (major), baeomycesic acid (major) and lichexanthone (minor). 

Additional specimen examined: Brazil: Rio de Janeiro, Serra da Mantequeira Mun. Resende: 5 km ENE (12 km 
along road) of Alto da Serra, on road BR-485 to Planalto, vicinity of Hotel Alsene by entrance to Parque Nacional 
de Itatiaia, 22°22'S, 44°42'W, alt. 2320-2350 m; rocky timberline scrub (campo montano; orotemperate zone); 
on trunk of tree. T. Ahti &P.G. Windisch 45955,24 Jan 1987 (H, SP158.665). 
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Fig.l Pertusaria elizabethae A.W.Archer & Elix, holotype; bar = 1 mm 

Fig. 2 Pertusaria elizabethae A.W.Archer & Elix, holotype, ascus and ascospore, with iodine; bar =100 pm 
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Pertusaria elizabethae is characterised by the disciform apothecia, asci containing a single ascospore and the 
presence of lichexanthone, hypothamnolic acid and baeomycesic acid. 

There are a number of other corticolous Pertusaria species with disciform apothecia and monosporous 
asci which contain hypothamnolic acid, sometimes together with lichexanthone. Pertusaria tropica Vain. 
(Vainio 1901) is the most common, and this widely distributed tropical species can contain lichesterinic 
acid or T-methylhypothamnolate and elatinic acid in addition to hypothamnolic acid and ±lichexanthone 
(Archer 1997; Elix et al. 2002). Pertusaria bengalensisVain. (Vainio 1907) from Thailand (with hypothamnolic 

acid), and P. pulchretincta Zahlbr. (Zahlbruckner 1928) from Indonesia (also with hypothamnolic acid) are 
later synonyms of P. tropica (Archer 1997). The morphologically and chemically similar P. hypothamnolica 
Dibben from the south-eastern United States (Dibben 1980) and P. novaezelandiae Szatala from south-eastern 
Australia and New Zealand (Archer 1997) contain only hypothamnolic acid. 

Pertusaria elizabethae is distinguished from P. tropica, P. hypothamnolica and P. novaezelandiae by the 
presence of baeomycesic acid. It is readily differentiated from other Pertusaria species in Brazil with disciform 
apothecia, such as P. scrobicularis Kremp. and P. scutellaris Mull. Arg., by 1-spored asci. Both P. scrobicularis and 
P. scutellaris have asci with eight ascospores and different chemistries. 

On the basis of morphology and chemistry, P. elizabethae is placed in the subgenus Monomurata A. W. Archer 
(Archer 1993), which is characterised by disciform apothecia with single-walled ascospores, and chemically 
by the presence of lichexanthone, orcinol depsones (such as picrolichenic acid), orcinol depsides, and 
p-orcinol depsides such as elatinic, hypothamnolic, or baeomycesic acids, and p-orcinol depsidones such 
as stictic or norstictic acids. Baeomycesic acid is very uncommon in Pertusaria, but it does occur together 
with lichexanthone in P. floridana Dibben from the south-eastern United States (Dibben 1980). However, 

P. floridana is clearly distinguished from P. elizabethae by lacking hypothamnolic acid. In Pertusaria the 
co-occurrence of a p-orcinol raefa-depside (such as hypothamnolic acid) with a p-orcinol para-depside (such 
as baeomycesic acid) was previously known only from P. tropica (with hypothamnolic and elatinic acids). 

The new species is named in memory of Dr Elizabeth Brown (1956 -2013), who was a cryptogamic botanist 
at the National Herbarium of New South Wales (NSW). Elizabeth was the curator of the bryophytes and 
lichens, and it was her interest in the latter group that led to our long association. She was always ready to assist, 
particularly when it came to arranging loans from other herbaria, and ensuring that I received the necessary 

collecting permits. In earlier days, before I had my own email address, she allowed me to use her email address; 
this was of great help in contacting other lichenologists, particularly those overseas. While Sureporn (Pia) 
Jariangprasert, Chiang Mai, Thailand, visited Sydney to study specimens held at NSW, Elizabeth kindly 
provided accommodation for her. In view of her assistance to me, both professional and personal, we name 
this new species Pertusaria elizabethae. 
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Abstract 

In Western Australia, Thelymitra crinita Lindl. and T. macrophylla Lindl. are pollinated by female, polylectic bees but offer 

no edible rewards. Flowers of Orthrosanthus laxus (Endl.) Benth. (Iridaceae) offer granular pollen and previous authorities 

suggest it is a Batesian model of T. crinita. We analyzed the floral fragrances and measured the floral dimensions of the 

orchid species, their putative hybrid, and O. laxus. Although the ‘scentless’ T. crinita emitted low levels of monoterpenoids 

and sesquiterpenoids, the pleasantly discernible fragrance of T. macrophylla was dominated by 2-phenylethanol. Their 

putative hybrid produced slightly lower levels of 2-phenylethanol compared with T. macrophylla and failed to produce any 

sesquiterpenoids associated with T. crinita. However, the hybrid produced higher volumes of the monoterpene linalool 

than either parent species. The fragrance of O. laxus contained 2-phenylethanol but lacked the sesquiterpenoids. We also 

measured perianth area and symmetry as well as the length and width of contrastingly pigmented floral centres for each 

taxon. Significant differences in floral area and symmetry were detected between the putative hybrid, the two parent 

species, and O. laxus. In contrast, the floral reward centre area (tuff of stamens) in O. laxus was significantly larger than 

the pseudo-reward centres (mitras) of both Thelymitra species and their hybrid. At the peak of their respective, but 

overlapping flowering periods, an inflorescence of T. macrophylla produced more than twice the number of open flowers 

as T. crinita and more than four times the number of open flowers on cymes of O. laxus. Based on scent production and 

visual displays, T. macrophylla appears more likely to be a Batesian floral mimic of O. laxus. We suggest that large-flowered 

Thelymitra species appear to produce a novel, visual and olfactory attractant pattern of fraudulence we call the ‘New 

Again, More Again Effect’. 

Introduction 

Insect pollinated flowers usually attract their primary pollen vectors with a combination of visual and olfactory 
cues (Raguso 2008). However, the presence of vivid and distinctive visual and olfactory cues is not always 
associated with floral rewards. Evolutionary ecologists have documented pollination-by-deceit in four out of 
the five subfamilies in the family Orchidaceae (Tremblay et al. 2005). Floral mimesis in orchid flowers canalizes 
the behaviour of pollinators as they enter and exit the flower, facilitating cross-pollination (Dressier 1981). The 

majority of orchid species with mimetic flowers have been interpreted as food mimics (Tremblay et al. 2005). 
In a few cases, the scent, pigmentation patterns, and epidermal sculpturing of the flower suggests mimicry 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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of edible fungi and/or the prey items of adult pollinators and/or their larvae (Kaiser 2006; Ren et al. 2011; 
Stokl 2011). However, in the most commonly described mode of food mimesis, the orchid flower lacks edible 
rewards but produces a floral display that attracts insects known to forage on the nectar and/or pollen of other 
co-blooming angiosperms (Cozzolino and Widmer 2005; Schiestl 2005). 

Dafni and Bernhardt (1990) subdivided floral food mimesis into three overlapping modes of deceit. Generalist 
food mimics (e.g. species of Dipodhim and Orchis) lack a model flower(s) and attract generalist foragers that 
visit a wide, unrelated number of co-blooming species. A few orchid species are classified as Batesian mimics 
(e.g. Diurus species; Dafni and Bernhardt 1990) because their floral presentation mimics specific co-blooming 
species (e.g. selected species of papilionoid legumes) and are pollinated, at least in part, by specialist foragers. 
A third, and relatively underexplored mode, is guild mimesis. In this case, the flowering period of the orchid 
overlaps with several co-blooming, but unrelated species that offer comparable rewards to the same subset 
of pollinators. While these rewarding flowers and non-rewarding orchids belong to several different families, 
their flowering periods and modes of presentation converge and overlap (Bernhardt 1996). 

These three modes of food mimesis may all occur within the large-flowered Thelymitra species of Australasia 
(.sensu Brown et al. 2008). Indeed, variation in floral presentation in outcrossing species of Thelymitra may 
drive speciation in this lineage (Edens-Meier and Bernhardt 2014). All cross-pollinated Thelymitra species 
studied to date are pollinated by polylectic/polyphagic insects (Edens-Meier and Bernhardt 2014). Thelymitra 
epipactoides (Cropper and Calder 1990) produces up to three distinct and discrete colour morphs and is an 
example of a food mimic lacking any model species. In contrast guild mimesis has been interpreted in the 
following species: T. antennifera (Lindl.) Hook.f. (Dafni and Calder 1987); T. ixioides Smith ex Sw. (Sydes and 
Calder 1993); and T. megcalyptra Fitzg. (syn. T. nuda R.Br.; Bernhardt and Burns-Balogh 1986). Thus far, Jones 
(2006) is the only authority to suggest that T. crinita is a Batesian mimic of O. laxus (Iridaceae). 

Consequently, the large-flowered species in the genus Thelymitra may offer an opportunity to better 
understand the evolutionary ecology of food mimesis. In particular, it is obvious that primary, floral attractants 
(size, scent, and hood sculpturing) vary at the interspecific and intraspecific levels (Edens-Meier et al. 2013; 
Edens-Meier and Bernhardt 2014; Jones 2006; Sydes and Calder 1993). We know far more about reproductive 
success in different floral forms of the same orchid species (Smithson et al. 2007) than we do about the 
convergent characters expressed by food mimics and their models. Fragrance analyses of mimetic orchids are 
plentiful (Kaiser 1993; see Appendix in Raguso and Pichersky 1999; Schiestl et al. 1999) but attempts to relate 
the scent chemistry of the mimic flower to a Batesian model or guild are less frequent. Galizia et al. (2004) 
compared visual and olfactory displays of the model flower Bellevalia flexuosa and the Batesian mimic, Orchis 
israelitica H.Baumann & Dafni. They concluded that the mimic matched the model’s visual display in the 
context of the bees’ visual capabilities, but they found no evidence of scent mimicry. These authors argue that 
visual stimuli dominate in a fraudulent system at short distances. 

The evolution of scent within an angiosperm lineage is usually labile and fragrance molecules detected by 
modern methods do not always reflect a common genetic ancestry (e.g. Cypripedium, Barkman et al. 1997). 
In particular, Thelymitra species offers an excellent opportunity to understand the inheritance of fragrance 
components for two reasons. First, although no known fragrance analyses have been completed to date on 
this genus, naturalists and botanists have commented on the qualitative range of odours produced by several 
species (Bernhardt and Burns-Balogh 1986; Dafni and Calder 1987; Jones 2006; Edens-Meier and Bernhardt 
2014). Second, it is estimated that at least half of the c. 100 species of Thelymitra (sensu Brown; Nicholls 1964; 
Jeanes 2008,2011), have blue flowers. Western Australia remains the centre of diversity for this genus (Brown 
et al. 2008) and is rich in unrelated angiosperm species with blue flowers (Neville and McQuoid 1998). 

At a site in Lesmurdie, Western Australia, Edens-Meier et al. (2013) examined the floral biology of sympatric, 
vernal, co-blooming populations of blue-flowered T. crinita and T. macrophylla. They found that these two 
species were pollinated by female bees belonging to three native families. The pollen grains of up to three 
unrelated taxa were found on the hind legs of bees caught on T. macrophylla. The flowering periods of both 
Thelymitra species overlapped broadly with sympatric, co-blooming tufts (sensu Marchant 1987) of O. laxus. 
Furthermore, hybrids between the two species of Thelymitra were located and collected at this site by the 
Western Australian orchidologist, Dr. Andrew Brown. We collect data on scent production, respective floral 
displays, and flower sizes to test three hypotheses. First, if T. crinita is a Batesian mimic of O. laxus, then 
its scent biochemistry, floral display, and floral dimensions should converge with those of O. laxus. Second, 
if =T. macrophylla is a Batesian mimic of O. laxus, then its scent biochemistry, floral display, and floral 
dimensions should converge with those of O. laxus. Third, the hybrid, T. crinita x T. macrophylla should show 
intermediate characteristics between the scent emissions, floral display, and floral dimensions expressed by its 
parent species. 



Floral fraudulence Telopea 17: 15-28, 2014 17 

Materials and Methods: 

Field vs. glasshouse populations: Field sites, identification, deposition of voucher specimens, and the use and 
origins of glasshouse populations of all Thelymitra species and hybrids studied from September 1 - October 
23,2009 are described in Edens-Meier et al. (2013). The population of O. laxus used in the research was located 
in Lesmurdie, Western Australia (intersection of Welshpool East Road and Pomeroy Road). 

Study species, floral presentation, and floral measurements: 

Thelymitra macrophylla: T. macrophylla flowered (Fig. 1) from the last week of August to the second week 
of October, producing 10 or more flowers/stem (mean = 16.5; n = 15; sd = 3.5; range = 10-23). During peak 

flowering periods, all the flowers on the scape opened sub-synchronously between 9:30 and 10:30 am and 
closed between 2:45 and 4:40 pm but the opening of its perianth segments was tardier on cool and cloudy days 
(Edens-Meier et al. 2013). We agree with Jones (2011) that these flowers produce a strong and pleasant scent. 
The morphology of the column and mitra follows Edens-Meier et al. 2013; Edens-Meier and Bernhardt 2014). 

Thelymitra crinita: This species flowered (Fig. 2) from mid-September until the end of October producing 
<10 flowers/stem (mean = 9.8; sd = 2.8; n = 18; range = 5-15) at the field site. During peak flowering periods 
all the flowers on the scape opened simultaneously between 9:15 and 10:35 a.m. and closed between 2:30 and 
4:40 pm without producing a discernible scent (Edens-Meier et al. 2013). The morphology of the column and 
mitra follows Edens-Meier et al. (2013) and Edens-Meier and Bernhardt (2014). 

Thelymitra crinita x T. macrophylla: All measurements and scent analyses in this study were taken from a 
living collection of hybrids housed in the glasshouse at the Kings Park and Botanic Garden (Perth, Western 
Australia; see Edens-Meier et al. 2013). Six flowering stems were found at the Lesmurdie site from which 
Brown deposited vouchers in the Western Australian herbarium. A flowering scape produced 12 or fewer 

flowers (mean = 8.0; n = 8; sd = 3.16; range = 3-12). Flower opening and closing times were identical with 
parent species (above), producing a fragrance similar to T. macrophylla. The hybrid opened tardily on cool, 
cloudy days as did T. macrophylla (Bernhardt, personal observation). Flower and pollen morphology showed 
intermediacy between both parents (see Edens-Meier et al. 2013; Edens-Meier and Bernhardt 2014). 

Orthrosanthus laxus: This species (Figs 1-3) is distributed throughout southwestern Australia and is a 
rhizomatous perennial herb forming tuffs 0.15-0.55 m high flowering from August to early November 
(Marchant 1987). Individual tufts produced one to many inflorescences with the scape terminating in a 
compressed cyme containing two to many flower buds. We counted over 50 tuffs with the majority located 
by the banks of the Welshpool Road within 0.5-3 m of adjacent flowering populations of T. crinita and 
T. macrophylla. The perianth has blue tepals and each flower produces three large, yellow anthers that open 
via longitudinal dehiscence. The staminal filaments bend inward toward the centre of the flower forming 
a triangular cluster. Conversely, the three blue arms of the style bend outward towards the tepals. Edens- 
Meier et al. (2013) did not observe or collect female bees on this species but they observed and collected 
pollinivorous flies (Melangyna species: Syrphidae). The same fly taxa were observed and collected on T. crinita 
and T. macrophylla (Edens-Meier et al. 2013). 

Floral presentation of O. laxus, T. crinita, and T. macrophylla: Because O. laxus may serve as a Batesian 
model for T. crinita, we compared flowering patterns in 48 tuffs (see above) while the flowering of T. crinita 
peaked and overlapped with T. macrophylla at Lesmurdie. Bernhardt observed that the population of O. laxus 
bloomed daily regardless of weather conditions. On every third day (10th, 13th, and 16th October 2009), we 
counted the number of inflorescences (cymes) in bloom within each tuff (Fig. 1). A cyme was recorded in 
bloom if it produced a minimum of one open flower. We also recorded the total number of open flowers 
produced on each cyme. 

As T. crinita and/or T. macrophylla may be Batesian mimics of O. laxus, we compared flowering patterns 
in 18 tagged inflorescences of T. crinita and 15 of T. macrophylla sympatric within the Lesmurdie site. To 
compare and contrast the number of open flowers presented by those tagged inflorescences of T. crinita and 
T. macrophylla, we counted open flowers only on warm, sunny days over their respective flowering periods (see 

Edens-Meier et al. 2013) starting with the warm and sunny day before the first flower(s) opened. We made 
141 counts of T. crinita inflorescences and 120 counts of tagged inflorescences of T. macrophylla (n = 8 warm, 
sunny days). 

Floral Measurements: All Thelymitra flowers used for measurements came from the midpoint on the scape 
because the inflorescences of both species showed open development with terminal flowers reduced in size 
often failing to open. Only one flower per inflorescence was measured on the second day that the perianth 
opened. Fourteen flowers of T. macrophylla on 14 inflorescences and 13 flowers of T. crinita on 13 inflorescences 
were measured. Fifteen flowers of O. laxus were measured on September 23,2009. 
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Fig-1- Putative model (left; O. laxus) and mimic (right; T. macrophylla) Photos: Retha Edens-Meier. 

Fig. 2. High contrast yellow centers on blue flowers. 

Left: Flower of O. laxus with unidentified orthopteran. Note how the insect forages specifically on one of the yellow 

anthers forming a central, triangular cluster. 

Middle: Flower of O. laxus showing triangulation of the perianth and the location of the measurement units of the reward 

center (centralized anther cluster). Note how the stigma lobes are flattened against the tepals and extend beyond the 

centralized cluster of stamens. 

Right: Flower of T. crinita showing triangulation of the perianth and the location of the measurement units of the 

mitra. Note the contrasting color and ornamentation of the median mitra lobe and the lateral “plumose-brushy” lobes. 

Photos: Retha Edens-Meier 
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In all cases, three physical measurements were taken using digital calipers for each flower regardless of species. 
First, perianth size (Figs 1,5) was calculated using Herons formula: 

Area = Vp(p-a) * (p-b) * (p-c) 

where a, b, and c are lengths of each side; 
p is half the perimeter of the triangle, p=(a+b+c)/2 

Analysis of variance was used to test for differences in the area of the flowers among the different species. 
The variability of flower side lengths among species was compared, as measured by the standard deviation of 
side lengths. Flowers with equilateral geometry should have less variability in side lengths (smaller standard 
deviations) than species with asymmetrically shaped flowers (higher standard deviations). Analysis of variance 
was used to determine differences in the average standard deviations of flower side lengths among species. 

Finally, we recorded the length and width of the floral centre because the centres in each species were contrasting 
in colour to that of the perianth segments and insects were observed to fly or crawl onto the floral centres of 
both Thelymitra species and O. laxus. In the focal Thelymitra species and their hybrid, the centre is represented 
by an ornamented hood with two trichome brushes (the mitra, Fig. 2). Therefore, we measured hood length 
and width. In O. laxus, the floral centre consists of three erect, elongated, stamens with blue staminal filaments 
and yellow anthers (Figs 4, 5). The length of the staminal filaments compared to the width of the anthers was 
measured. The area of the floral centre was calculated by multiplying the length and width of the stamen 
cluster for each flower. Analysis of variance was used to determine whether the area of the floral centre varied 
significantly among species. We also calculated the ratio of the floral centre to the floral area (perianth) and 
compared this ratio among O. laxus, T. crinita, T. macrophylla, and their putative hybrid (see Castillo et al. 
2012). A one-way ANOVA tested for differences among species. 

Fragrance collection: All fragrance collections on the orchids and their putative hybrids were completed on 
potted plants in the greenhouse (15°C - 22 °C day temperature regulation). We used only potted specimens 
of the orchids and their putative hybrids to collect fragrances because flowers of the Thelymitra species do not 
open on cool and cloudy days (Edens-Meier et al. 2103). The controlled greenhouse temperatures ensured 
that the flowers of the two parent species and their putative hybrid would remain open during the entirety 
of the fragrance collection (see Edens-Meier et al. 2013). In addition, ambient contaminants were easier to 
exclude in the greenhouse, as our study site bordered suburban homes and the sclerophyll woodlands included 
many co-blooming species. We used flowering plants of O. laxus at the original field site (above), as potted 
specimens of this species were not available in the greenhouse. Sampling was limited by plant availability and 
time constraints. 

Flower buds on racemes in both Thelymitra species opened subsynchronously over a period of 3-5 days. 
Once flowers open on a raceme, they continue to open on a daily basis, as long as weather conditions are 
favourable. Orthrosanthus laxus was a steady state bloomer (sensu Gentry 1974) in which a flowering stem 
opened from 1 or 2 flowers every day and each flower wilted within 24 hours. An inflorescence of T. macrophylla 
produced 10-23 flowers while T. crinita ranged from 5-15 flowers. Both orchid species at Lesmurdie and in the 
glasshouse collections produced more open flowers per inflorescence (10-16) with individual orchid flowers 
living longer (14-17 days) than O. laxus (Edens-Meier et al. 2013). 

Fragrances were collected as described by Galen et al. (2011), from living, intact inflorescences of each focal 
species. A headspace bag (nylon resin; Reynolds, Inc.) was positioned over 1-10 flowers and securely sealed 
at the bottom using a twist tie. An adsorbent trap, prepared using a Pasteur pipette with 10 mg Super Q 
(80/100 mesh; Alltech Associates, Inc.) packed between quartz wool was attached to a battery-operated PAS- 
500 vacuum pump (Spectrex, Inc.) with Tygon tubing, and was positioned above the flowers using a spring 

clip attached to a firmly secured bamboo stake (Fig. 3). The tip of the trap was then sealed within the top of the 
headspace bag with a twist tie. Floral scent was collected for either 1 or 3 hours, depending upon the strength 
of the fragrance as detected by the human nose, at a standardized flow rate of 200 ml air/min. Floral fragrances 
from ten T. macrophylla scapes and eight hybrid scapes were sampled for one hour since floral scents were 
easily discernable to the human nose. Flowers from ten T. crinita scapes, and ten O. laxus scapes (from 10 tuffs) 
were sampled for three hours, since no discernable fragrance was apparent to the human nose. Vegetative and 
ambient air controls were included to account for non-floral compounds. Upon completion of the fragrance 
collection, scent traps were eluted into 1.5 ml borosilicate glass autosampler vials using 300 uL of GC-MS 
grade hexane. Each vial was capped, labeled, wrapped with parafilm, and stored at -20°C. All collected sample 
vials were placed in a plastic cooler surrounded with cold packs and shipped Australian Air Express to Cornell 
University, Ithaca, NY (USA) for GC-MS analyses. 

Chemical analysis: Upon receipt, floral headspace samples eluted in hexane were concentrated to 50 pi under 
a flow of nitrogen gas (N2). An internal standard of 5pl of a 0.03% solution of toluene in hexane was added to 
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each sample which allowed us to control for slight variation in final sample volume. 

All floral scent samples were analyzed by gas chromatography-mass spectroscopy (GC-MS) using a Shimadzu 
GC17A gas chromatograph with a QP5000 mass spectrometer (El, 70 electron volts, single quadrupole) as a 
detector (Shimadzu Scientific Instruments, Inc.). One pL sample aliquots were injected (splitless) at 240°C 
onto a polar (EC-wax, W.R. Grace & Associates, Inc.) fused capillary GC column, with an oven temperature 

program of a 3 minute hold at 40°C, followed by an increase of 10°C per minute, with a final 5 minute hold at 
the maximum oven temperature of 260°C. Compounds were identified by comparing the retention times and 
mass spectra of total ion current chromatogram peaks to those of authentic standard compounds, facilitated 
by strong (>90%) fits with entries from mass spectral libraries (NIST and Wiley). Crude emission rates 
(ng scent per flower per hour) were calculated by hand integrating peak areas and algebraically converting 
them to toluene equivalents (see Svensson et al. 2005) for quantitative comparisons. 

Results 

Floral presentation in O. laxus, T. crinita and T. macrophylla: Flowering of O. laxus tufts showed that 
13-21 tufts had at least one inflorescence in bloom on each of the three observation days. We found that, 
while a tuft had as many as four inflorescences in bloom, the average number (n=55 flowering tuft counts) 
of inflorescences in bloom was less than two (mean = 1.7, sd = 0.96; range = 1-4). Ninety-six open flowers 
were recorded over the same period. While a terminal cyme could bear a maximum of four open flowers, on 
the same day, the average number of open flowers on each cyme was also less than two open flowers (mean = 
1.6; sd = 0.63; range = 1-4) in bloom in each tuft. Each flower opened early in the morning and usually closed 
permanently 12 hours later, with a few lasting as long as 24 hours on cool to cold and rainy days. 

During its flowering season, a raceme of T. crinita consisted of less than four open flowers (mean = 3.18; 
sd = 2.75; range = 0-13) on warm, sunny days while O. laxus was in flower. A raceme of T. macrophylla 
produced less than nine flowers (mean = 8.43; sd = 5.58; range = 0-19) under the same weather conditions 
while O. laxus was in bloom. 

Fig. 3. Fragrance collection of O. laxus at the Lesmurdie site in October, 2009. Note that the floral fragrance collection 

equipment is supported by bamboo stakes. Photo: Retha Edens-Meier 
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Floral measurements: Significant differences in perianth size were found among species (F= 13.19, DF=3,46, 
P<0.00001), with post hoc analysis revealing that O. laxus, T. crinita, and T. macrophylla all were smaller than 
the hybrid (Fig, 4). Flowers of Thelymitra macrophylla were smaller than those of O. laxus. However, flowers 
of T. crinita were not found to differ significantly from those of O. laxus, or from those of T. macrophylla. 
Furthermore, some species were found to be less symmetrical than others (F=8.36, DF=3,46, P=0.00015) 
(Fig. 4). This post hoc analysis revealed that flowers of O. laxus and T. macrophylla both were more symmetrical 
than those of the Thelymitra hybrid. Orthrosanthus laxus was found to be more symmetrical than T. crinita. 
However, equal symmetry was identified between T. crinita and the hybrid; between T. macrophylla and 
O. laxus; and between T. macrophylla and T. crinita. Finally, significant differences were found in the size of the 
floral centre among species (F=24.65, DF=3,46, P<0.00001), with post hoc analysis revealing that the hybrid, 
O. laxus, and T. macrophylla all were smaller than O. laxus (Fig. 4). Furthermore, the floral centres of T. crinita 
and T. macrophylla were not found to be different from the hybrid and T. macrophylla was not found to be 
different from T. crinita. The one-way ANOVA for the ratio of the floral centre to the floral area (perianth) 
showed significant differences among species (F = 9.848, DF = 3, 46, and P <0.001). A Tukey’s Honest 
Significant Difference post-hoc analysis revealed that O. laxus (mean = 0.034, sd = 0.014) had a significantly 
higher ratio than T. crinita (mean = 0.021, sd = 0.005), T. macrophylla (mean = 0.017, sd = 0.006), and their 
hybrid (mean = 0.016, sd = 0.001). 

Fragrance analyses: The focal species differed markedly in total standardized scent emission per flower per 
hour. Flowers of T. macrophylla were 300-fold more strongly scented than those of T. crinita, and 16-fold more 
strongly scented than those of O. laxus, their putative Batesian model (Table 1). Only four scent compounds 
were detected in T. macrophylla of which three were structurally related benzenoids. 

scent compound (class) ret time 
min. 

Thel. macrophyllum 
n = 10 

Thel. crinita 
n = 10 

Thel. mac x crin 
n = 8 

Orth, laxus 
n = 10 

"total emissions, ng/flw/hr" 642.86 + 144.20 1.82 + 0.47 185.52 + 23.20 41.33 + 11.21 

"2PE emissions, ng/flw/hr" 624.72 + 140.49 absent 172.07 + 22.56 17.04 + 6.01 

"rel % (mean, SEM)" 

(benzenoids) 

phenylacetaldehyde 14.66 0.30 + 0.10 0.41 + 0.07 

2phenethylacetate 16.65 1.38 + 0.13 1.25 + 0.29 

2phenylethanol 17.65 96.77 + 0.52 92.10 + 1.04 45.75 + 1 1.29 

(monoterpenoids) 

"1,8 cineole" 8.32 11.23 + 3.75 

beta-phellandrene 8.83 trace 

E-beta-ocimene 9.08 20.98 + 8.57 trace 

linalool 13.28 1.61 + 0.50 1.86 + 0.99 6.24 + 0.98 

(sesquiterpenoids) 

alpha-copaene 12.71 25.23 + 8.43 

germacrene D 15.52 2.23 + 1.18 

"E,Z-alpha-farnesene" 15.61 0.94 + 0.62 

"E,E-alpha-farnesene" 15.90 6.65 + 3.99 

delta-cadinene 16.10 7.09 + 4.07 

(lox-derived) 

hexyl acetate 

cis-3-hexenyl acetate 

cis-3-hexen-1-ol 

9.41 

10.12 

1.15 + 0.81 

45.26 + 1 1.37 

11.06 7.37 + 2.19 
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The most abundant of these compounds, 2-phenylethanol (96.77%) dominated the fragrance of T. macrophylla. 
The only volatile monoterpenoid detected from this species was linalool, at relatively low levels (1.61%). 
Although we were unable to smell the fragrance of T. crinita, chemical analysis revealed eight different 
volatile compounds of which three were monoterpenoids and five were sesquiterpenoids. The dominant 
monoterpenoid for T. crinita was E-|3-ocimene (20.98%) while the dominant sesquiterpenoid was -copaene 
(25.23%). Thelymitra crinita also produced linalool in a relative amount (1.86%) comparable to that of 
T. macrophylla (1.61%). Additional sesquiterpenoids identified in floral fragrances collected from T. crinita 
included E,E-a-farnesene (6.65%) and 6-cadinene (7.09%). 

Only four scent compounds were detected from flowers of the putative Thelymitra hybrid and these were 
the same four compounds detected in the floral headspace of T. macrophylla. In particular, the dominant 
floral compound produced by the hybrid 2-phenylethanol (92.10%), emitted at 1/3 of the rate measured for 
T. macrophylla. However, the same hybrid plants produced comparable actual amounts and greater relative 
amounts of the monoterpenoid linalool (6.24%) than did T. macrophylla (1.61%), and considerably more than 
did T. crinita (1.86%) of a very weak scent (Table 1). Unlike in T. crinita, we did not detect sesquiterpenoids in 
the floral scent of the hybrid. 

Analyses of O. laxus revealed six volatile compounds - one benzenoid, two monoterpenoids, and three 
lipoxygenase (lox)-catalyzed fatty acid-derived molecules. The dominant compounds were the benzenoid 
2-phenylethanol (45.75%) and the lox-derived cis-3-hexenyl acetate (45.26%), a common green leaf volatile’. 

Discussion 

Thelymitra species as Batesian mimics of O. laxus: This study was motivated by the potential for different 
kinds of floral mimicry among blue and insect-pollinated Thelymitra species, due to their clear visual 
resemblance to rewarding, blue-flowered plants in Western Australia. Analyses of floral scent chemistry 
revealed that T. macrophylla closely produces a very similar, yet more intense, scent as does O. laxus. Below, we 
explore these findings in the larger context of evolution of floral cues. Morphometric analyses confirmed that 
the floral dimensions for T. macrophylla were smaller than those of O. laxus. In addition, the ratio of reward 
centre to floral area was found to be significantly smaller than O. laxus. Thelymitra macrophylla also showed 
more variability in the perianth (i.e. side lengths) than did O. laxus. 

Based on results of fragrance analyses neither Thelymitra species produced a scent profile that exactly replicated 
the odour of the proposed model flower. Of the two Thelymitra species, T. crinita is least likely to represent a 
Batesian mimic of O. laxus based exclusively on its weak, terpenoid dominated scent, as the flowers of O. laxus 
lacked sesquiterpenoids. In contrast, the dominant scent constituent in T. macrophylla and O. laxus was the 
widespread benzenoid, 2-phenylethanol, a volatile common to many insect pollination systems (Bernhardt 
et al. 2003; Ashman et al. 2005; Galen et al. 2011). Interestingly, 2-phenylethanol is emitted at 30-fold higher 
amounts per flower of T. macrophylla than in O. laxus, which could potentially represent a super-normal 
mimetic stimulus (Schiestl 2005; see Edens-Meier et al. 2014), or one that exploits a pre-existing sensory bias 
of the pollinator species (Vereecken and Scheistl 2008; Schaefer and Ruxton 2009). 

Schiestl (2005) and Schiestl et al. (1999) suggest that the presentation of super-normal floral stimuli is common 
in species expressing some mode of Batesian mimicy. That is, the visual and/or olfactory impact of the mimic 
surpasses that of a discrete model so that a naive pollinator responds to the greater stimulus provided by the 
fraudulent orchid. In a putative Batesian relationship between T. macrophylla and O. laxus, the overproduction 
of 2-phenylethanol is even more pronounced because T. macrophylla produces more flowers per inflorescence 
than are found in a single tuft of the putative model, O. laxus (Figs 2,3). We acknowledge that the fake reward 
centre of T. macrophylla is smaller than the rewarding centre of O. laxus, but we suspect that the overall 
visual and olfactory display of one or more inflorescences of T. macrophylla (racemes were often clustered at 
Lesmurdie in 2009) is greater than the scent and visual cue produced by tufts of O. laxus on warm sunny days. 
Unlike the putative Batesian mimic system studied by Galizia et al. (2004), T. macrophylla potentially represents 
a superior olfactory mimic of O. laxus, with a similar colour scheme and a much larger floral display. Castillo 
et al. (2012) found that pollinators preferred small perianths and large rewarding structures in their studies on 
Begonia gracilis Kunth. The ratio of the fraudulent reward centre to its floral area (perianth) of T. macrophylla 
was always smaller than in the rewarding model of O. laxus. It is suspected that T. macrophylla ‘cheats’ 
(sensu Castillo et al. 2012) by offering a much larger blue flowering display than its model. 

However, the production of exaggerated (hypermorphic) visual and olfactory cues does not guarantee superior 
reproductive success in a fraudulent orchid (Edens-Meier et al. 2013, 2014; Edens-Meier and Bernhardt 2014; 
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Fig. 4. Histograms of T. crinita x T. macrophylla comparing measurements of perianth size (top), floral symmetry 

(middle) and the floral centres (bottom). 
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Tremblay et al. 2005). The fraudulent floral displays of T. macrophylla resulted in poor pollination success in 
2009. Although the rate of pollinarium removal by bees was greater than 16%, few bees deposited pollinia 
fragments on its stigmas, indicating that few bees visited the flowers of this species a second time. In fact, 
natural rates of pollinia deposition on receptive stigma surfaces were less than 3% on flowers of T. macrophylla. 
If this rate of pollination is consistent over several seasons, it would indicate that, as in many Cypripedium 
species, Batesian mimicry coupled with super normal stimuli works rather infrequently (Edens-Meier et al. 
2013,2014). 

Kunze and Gumbert (2001) suggested that food deceptive orchids should be scentless, after experimentally 
demonstrating that bumblebees are less able to distinguish between artificial blue flowers with subtly different 
hues when scent is absent (also see Leonard et al., 2012). Therefore, in the absence of behavioural assays 
with known pollinators, we cannot yet determine whether the weak terpenoid floral scent of T. crinita serves 
any pollinator-related function. Alternatively, T. crinita may be a Batesian mimic of a second, unexamined, 
model species with blue flowers (e.g. shrubby Goodeniaceae were common in situ). In fact, flowers of T. crinita 
experienced higher pollination success than those of T. macrophylla in 2009. The rate of pollinarium removal 
in this orchid was almost identical to that of T. macrophylla but the rate of pollinia deposited on the stigmas 
of T. crinita flowers was over six times higher than in co-blooming T. macrophylla (Edens-Meier et al. 2013). 

Apparent lack of intermediacy of floral cues between a Thelymitra hybrid and its parent species: The 
hybrid produced more linalool than either parent species and produced a significantly larger floral area. This 
contributes to earlier theories that new Thelymitra species evolve by interspecific hybridization (Burns-Balogh 
and Bernhardt 1986). More recently, Molloy and Dawson (1998) concluded that some Thelymitra species 
endemic to New Zealand evolved via hybridization followed by amphidiploidy. There is growing evidence that 
stabilized changes in polyploidy may be responsible for selectively advantageous differences in floral traits 
leading to diverging pollinator preferences (e.g. Heuchera grossularifolia Rydb; Segraves and Thompson 1999). 

Comparative aspects of scent composition: Based on past analyses of floral fragrances in Orchidaceae (Kaiser 
1993) and more recent reviews across the angiosperms (Knudsen et al. 2006), none of the scent compounds 
identified in this study are unique. It is interesting to note that flowers of T. crinita emitted a terpene-rich scent 
(Fig. 4) even though that scent was not detectable. It is likely that other published descriptions of odourless 
Thelymitra species (see Edens-Meier and Bernhardt 2014) may similarly underestimate the presence of low 
volatility compounds. For example, the sesquiterpene (E)-p-caryophyllene was emitted in low amounts by the 
flowers of four out of 14 ‘scentless’ hummingbird pollinated plant species analyzed by Knudsen et al. (2004) 
in Ecuador. This compound is also emitted in low amounts by the tiny, autogamous flowers of Arabidopsis 
thaliana (L.) Eleynh., where it has been shown to protect floral tissues against bacterial attack (Huang et al. 
2012). Majetic et al. (2010) also found that the ‘scentless’ but colourful flowers of Ipomoea purpurea in fact 
emitted a complex blend of sesquiterpene volatiles, dominated by (E)-(3-caryophyllene and germacrene D. 
Most of these species are not perceived as strongly scented to the human nose, probably because humans have 
a high average threshold of perception of sesquiterpenes (Ohloff 1994). 

The significance of 2-phenylethanol vs. linalool: The pleasant scent of T. macrophylla was dominated by 
one volatile compound (2-phenylethanol). This compound has been detected extensively throughout 
the angiosperms including the Orchidaceae (Kaiser 2010). In fact, it is also found in the flowers of some 
basal angiosperms (Kaiser 2010; Bernhardt et al. 2003). However, in these basal species, 2-phenylethanol is 
usually expressed in small quantities often representing less than 4% of the total scent blend. Likewise, while 
2-phenylethanol is also a scent component in dozens of orchid species, it is usually a minor component (see 
Kaiser 2010). 

Studies that combine chemical analyses with pollinator behaviour and/or effectiveness suggest that 
2-phenylethanol plays diverse, dosage-dependent roles in plant-pollinator dynamics. Roy and Raguso (1997) 
tested the importance of visual and olfactory cues in floral mimicry by rust fungi and found that artificial 
flowers augmented with a 0.1% solution of 2-phenylethanol attracted Dialictus bees (Halictidae). Similarly, 
Ashman et al. (2005) demonstrated that solitary bees preferred staminate flowers of Fragaria virginiana Mill, 
over female flowers because small amounts of 2-phenylethanol were released by pollen-bearing anthers. Galen 
et al. (2011) found that higher levels of 2-phenylethanol emission in Polemonium viscosum Nutt, reduced 
damage by nectar-thieving ants but also reduced visitation frequency by bumblebee pollinators, increasing 
pollen limitation and lowering seed fitness. Their study highlights the importance of carefully examining the 
effects of volatile dosages on both pollinators and predators. Predictions of how various floral visitors will 
respond to the same volatile are often difficult to assess (Galen et al., 2011). Field studies comparing insect 
visitation rates to T. macrophylla with those of T. crinita spiked with different dosages of 2-phenylethanol 
would allow us to assess the importance of this volatile to the different mimetic strategies utilized by these 
orchid species. 
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Linalool (3,7-dimethyl-l,6-octadien-3-ol), a monoterpene alcohol, was the only molecule shared by both 
species of Thelymitra; however, both produced it as minor constituents (< 2.0%) of their scent blends. Linalool, 
another compound with a fragrance pleasant to the human nose, is one of the most common components of 
floral scents (Raguso and Pichersky 1999; Knudsen 2006; Kaiser 2010) suggesting its importance and versatility 
in flower/pollinator communication (Parachnowitsch et al. 2013; Salzmann and Schiestl 2007). It can be 

present as a very minor component (and still show behavioural activity) in hawkmoth pollinated Datura 
wrightii Regel. (Riffell et al. 2009), as a nectar odour in bee pollinated Penstemon flowers (under positive 
selection; see Parachnowitsch et al. 2012, 2013), and as a dominant odour in the early spring flora (Borg- 
Karlson et al. 1994). Surprisingly, Parachnowitsch et al. (2012,2013) found that floral scent in weakly scented 

Penstemon digitalis Nutt, experienced stronger (directional) selection (promoting seed fitness) than did floral 
colour or size and suggested that reproductive success benefits from being strongly scented in this species. 

Introducing ‘The new again, more again hypothesis’: The evolutionary significance of the visual and 
olfactory display of these large and multi-flowered Thelymitra species is unknown. Specifically, it is not known 
why large-flowered Thelymitra species are the only orchids in Australasia that regularly, synchronously, and 
cyclically open and close their flowers over their flowering seasons. Edens-Meier et al. (2013) considered two 
overlapping possibilities: (1) these flowers may close after daily peaks of bee foraging to protect the exposed, 
naked pollinaria from pollen-eating insects (see Armbruster and Mziray 1987); (2) by opening for only part of 
the day, the Thelymitra flowers might produce a temporary but exaggerated floral display. 

Cross-pollinated Thelymitra species are the only food-mimic orchids offering the following suite of characters: 
(1) large flowers (although flowers maybe smaller than some model species, (2) hoods displaying a false reward 
centre, (3) when scapes are mutli-flowered their flowers open and close synchronously to sub-synchronously. 
Are these linked characters adaptive? We offer a novel hypothesis, ‘The New Again, More Again Effect.’ Until an 
inflorescence of a large-flowered Thelymitra species passes peak flowering, its floral presentation changes on a 
daily basis. Specifically, by mid-afternoon the flowers vanish by closing. The following day, if weather permits, 
these flowers reappear (new again). However, with the opening of the previous days flowers (an individual 
flower of both Thelymitra species lives 15-17 days; Edens-Meier et al. 2013) the inflorescence opens additional 
flowers. As the visual display increases, so does scent volume (more again). Because of the opening and closing 
of flowers coupled with the interrupted yet increasing levels of floral attractants, this effect continues to entice 
and attract both naive and experienced resident bees belonging to the local pollinator guild. 

This hypothesis should be relatively easy to test. One would simply wait for the blue orchid flowers to close 
during the afternoon hours and then attempt to catch native bees known to pollinate their blue Batesian 
models and/or guild flowers. If bees are found to be active at this time of day on these other, non-orchid, 
blue flowers, such results would support the proposed hypothesis. This finding would indicate that these bees 
forage on blue flowers after the mimics ‘disappear’. In addition, we suggest field experiments on pollination 
rates of these orchid species by manipulating the number of potted orchids and/or prospective model species 
at various sites. 

Focusing on Future Research: In most cases, floral signals form a multimodal stimulus combining olfactory 

and visual cues (Kunze and Gumbert 2001; Leonard et al. 2011). Specific floral colours and scent combinations 
can greatly influence the behaviour of potential pollinators (Galen and Kevan 1980; Raguso and Willis 2005). 
Recent experimental tests with bumblebees suggest that while multimodal floral signals can take longer to 
process (thus decreasing foraging efficiency), they generally lead to more accurate decision making by bees 
(thus enhancing floral constancy) once they are learned (Gegear 2005; Kulahci et al. 2008). Our field-based 
observations and collections have not confirmed that polylectic bees visit either Thelymitra species because 
they resemble O. laxus. Edens-Meier et al. (2013) did not observe a single native bee foraging on O. laxus in 
2009. Bees collected on T. macrophylla carried pollen grains from a wide variety of co-blooming plants, blue- 
flowered and otherwise. Although syrphid flies in the genus Melangyna foraged on the dehiscent anthers of 
O. laxus and on the stigmas of T. macrophylla, they only carried a few grains of O. laxus. Furthermore, we 
never collected a syrphid fly carrying an entire pollinarium of T. macrophylla. We suggest targeting pollination 
ecology studies on O. laxus to determine whether its true pollinator(s) correlates with any insect species known 
to pollinate blue-flowered Thelymitra species. 
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Abstract 

A recent phylogeny of the restiid clade of Poales based on chloroplast DNA data has shown several currently recognised 

genera of Leptocarpoideae to be paraphyletic or polyphyletic. In the largely Western Australian Desmocladus clade, Kidinia, 

Onychosepalum and Harperia appear embedded in Desmodadus. These are here included in Desmocladus and the new 

combinations D. confertospicatus, D. eludens, D. eyreanus, D. ferruginipes, D. lateriflorus, D. laxiflorus, D. microcarpus and 

D. nodatus are provided. 

Introduction 

Recently Briggs et al. (2014) presented a phylogeny of the restiid clade of Poales that included new data and 
analyses for the largely Australasian subfamily Leptocarpoideae. The phylogeny indicated that the three small 

Western Australian genera Kulinia B.G.Briggs & L.A.S.Johnson (Briggs and Johnson 1998), Onychosepalum 
Steud. (Steudel 1855) and most or all species of Harperia W.Fitzg. (Fitzgerald 1904) are embedded within 
Desmocladus Nees (Nees 1846). Similar results were also found by Briggs et al. (2010) with fewer taxa sampled. 

The relevant part of a phylogenetic tree from Briggs et al. (2014) based on concatenated trnL-T and trnK data 
from the chloroplast genome is shown in Figure 1. Morphological characteristics do not provide support for 
the further division of Desmocladus, rather support its expansion to include the smaller genera embedded 
within it. To provide a classification that accords with the phylogenetic findings, eight new combinations are 
required, synonymising these three genera under Desmocladus. 

The Desmocladus clade 

The Desmocladus clade was recognised by Briggs and Johnson (1999), being named after its first-named and 
largest genus, and is supported by analyses of chloroplast DNA data (Briggs et al. 2010, 2014). The clade is 
characterised morphologically by uninterrupted culm chlorenchyma, lacking pillar cells and sclerenchyma 

!This paper is dedicated to my former colleague Elizabeth Anne Brown (1956-2013), remembering especially 
her notable achievements in the study of bryophytes and Ericaceae, her love of fieldwork, and her service for 
many years as Scientific Editor of Telopea. 
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girders (Cutler 1969, Briggs and Linder 2009), hyaline tepals that are often reduced in number, exserted 
anthers (except two parthenogenetic wholly female species), gynoecia with a single fertile carpel, a shortly 
stipitate ovary, fruit a nut (except possibly Catacolea, for which mature fruits are not known) with a woody 

pericarp and a thickened base of the style usually persisting as a conical cap on the fruit. Among its members, 
Catacolea, Coleocarya and Kulinia were monotypic. Kulinia was distinguished by its culms consisting of only 
two internodes and its distinctive indumentum of branched hairs. Onychosepalum has included three species 
(Meney et al. 1996; Briggs and Johnson 2001) and the phylogenetic analyses show it as monophyletic but 
embedded in Desmocladus. It was distinguished from Desmocladus by the glabrous, generally unbranched 
culms of a single internode or with 1-2 culm sheaths, and the few (2-7) flowers in male spikelets. 

Harperia has included four species but these were admittedly morphologically diverse (Briggs and Johnson 
1999). Their most distinctive feature was a central mass of sclerenchyma and, in most species, multiple pith 
cavities in the culm, whereas other members of the clade mostly have a single pith cavity. The stalked, branched 
hairs of their culm indumentum also differed from the multicellular but unbranched hairs of the species 
referred to Desmocladus. Harperia is polyp hyletic (Fig. 1), with three species separately placed among the species 
of Desmocladus. The position of the fourth species, H. eyreana, is more problematical since trnK data placed it 
embedded in Desmocladus whereas trnL—F data show it allied to the related genus Coleocarya. In morphology 
it resembles H. ferruginipes, and differs strongly from Coleocarya. Branches are short in this region of the tree 
and H. eyreana differs from other Harperia species in few bases in both the frnL-F and trnK sequences. Indeed 
several branches of the tree collapse in a bootstrap analysis of the same data, producing a large polychotomy 
including all these species. Unfortunately, there has not been an opportunity to sample or sequence again this 
rare species which occurs near the remote south-east coast of Western Australia. I regard the finding from trnK 
data as the better guide to its relationships and so all species of Harperia are here transferred to Desmocladus. 
The type species, H. lateriflora, is in any case embedded within Desmocladus. The great majority of species of 
the clade are in the south of Western Australia, but the single species of Coleocarya is found in coastal districts 
of south-east Queensland and northern New South Wales. It is retained at generic rank because (accepting 
the position of H. eyreana indicated by trnK) it appears as sister to the enlarged Desmocladus in most analyses 
(e.g. Fig. 1) and is distinctive in its monoecy and the position of its 1-flowered female spikelets. Further studies 
on this relationship may be warranted. 

The features previously used to distinguish Kulinia, Onychosepalum and Harperia may all be regarded as 
apomorphies that have arisen from the more ‘generalised’ form shown by the majority of Desmocladus species 
which have multiple culm nodes and mostly branching culms. With Desmocladus enlarged by the inclusion of 
these three genera, it consists of 23 species and the genera of the Desmocladus clade may be distinguished as 
follows. 

Key to genera of Desmocladus clade 

1 Plants monoecious, male spikelets terminal on culms, female spikelets in the axils of lower culm sheaths 
. Coleocarya 

1* Plants dioecious or (less often) apomictic and known only from female plants. 2 

2 Culms strongly compressed, mostly of a single internode above several basal sheaths; male spikelets on 
slender pendulous or spreading stalks; male glumes scarious, acuminate but without a mucro or rigid awn 
. Catacolea 

2* Culms terete or compressed on one side only (circular or crescentic in transverse section), of one or more 
internodes; male spikelets terminal or axillary on culms or culm branches, male glumes with a stout 
mucro or rigid awn . 3 

3 Female spikelets several- or many-flowered; culms unbranched, of several internodes; mostly with almost 
half the length of the male and female glumes consisting of an acute rigid black awn . Lepidobolus 

3* Female spikelets 1- or more-flowered, culms branched or unbranched, of several or a single internode; 
glume awns mostly shorter and paler or not acute; if the awn long and acute then culms of only one or 
two internodes. Desmocladus 
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Fig. 1. Phylogenetic tree of the Desmocladus clade, from Bayesian analysis of concatenated trnL-F and trnK chloroplast 

data, showing Kulinia, Onychosepalum and Harperia species embedded in Desmocladus (modified from a phylogeny 

of the restiid clade presented by Briggs et al. (2014) where GenBank accession numbers are given). Bayesian posterior 

probabilities are shown above the branches; bootstrap values from maximum parsimony PAUP* analyses of the same data 

below the branches. Thick lines have 100% Bayesian posterior probability and also >95% parsimony support. Branches 

that collapse in the PAUP tree based on the same data are indicated by a dash below the line. The conflicting results for 

H. eyreana are shown with trnL-F and trnK indicated at the relevant positions. (Duplicate samples of species are numbered 

1 and 2.) 
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New combinations under Desmocladus 

The names by which taxa have recently been known are also given if different from the basionym. 

Desmocladus confertospicatus (Steud.) B.G.Briggs, comb.nov. 

Basionym: Restio confertospicatus Steud., Syn. Pi. Glumac. 2: 256 (1855). 

Synonym: Harperia confertospicata (Steud.) B.G.Briggs & L.A.S.Johnson 

Desmocladus eludens (B.G.Briggs & L.A.S.Johnson) B.G.Briggs, comb. nov. 

Basionym: Kulinia eludens B.G.Briggs & L.A.S.Johnson, Telopea 7: 349 (1998) (Type of Kulinia B.G.Briggs & 
L.A.S.Johnson). 

Desmocladus eyreanus (B.G.Briggs & L.A.S.Johnson) B.G.Briggs, comb.nov. 

Basionym: Harperia eyreana B.G.Briggs & L.A.S.Johnson, Telopea 9: 248 (2001). 

Desmocladus ferruginipes (K.A.Meney & J.S.Pate) B.G.Briggs, comb. nov. 

Basionym: Harperia ferruginipes K.A.Meney & J.S.Pate, Telopea 6: 651 (1996). 

Desmocladus lateriflorus (W.Fitzg.) B.G.Briggs, comb. nov. 

Basionym: Harperia lateriflora W.Fitzg., /. WestAust. Nat. Hist. Soc. 1: 35 (1904) (Type of Harperia W.Fitzg.). 

Desmocladus laxiflorus (Steud.) B.G.Briggs, comb.nov. 

Basionym: Onychosepalum laxiflorum Steud., Syn. Pi. Glumac. 2: 249 (1855) (Type of Onychosepalum Steud.). 

Desmocladus microcarpus (K.A.Meney & J.S.Pate) B.G.Briggs, comb. nov. 

Basionym: Onychosepalum microcarpum K.A.Meney & J.S.Pate, Telopea 6: 664 (1996). 

Desmocladus nodatus (B.G.Briggs & L.A.S.Johnson) B.G.Briggs, comb. nov. 

Basionym: Onychosepalum nodatum B.G.Briggs & L.A.S.Johnson, Telopea 9: 252 (2001). 
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Abstract 

Following a recent bryological foray to northern Turkey Rhizomnium striatulum (Mitt.) T.J.Kop., Leucodon coreensis 

Cardot and Leucobryum bowringii Mitt, are reported new to Turkey, the Mediterranean and Southwest Asia. Cyrtomnium 

Holmen is a new genus record for Turkey and Southwest Asia and Cyrtomnium hymenophylloides (Hiibener) T.J.Kop. a 

new record for this region. Illustrations, ecology, geographic distribution and brief comparisons with morphologically 

similar taxa are given. 

Introduction 

Field studies in recent years have added more remarkable taxa to the bryoflora of Turkey (Batan and Ozdemir 
2013a, 2013b; Batan et al. 2013a, 2013b; Kirmaci and Kurchner 2013; Uyar and Oren 2013; Yaymta§ 2013; 
Ursava§ and Cretin 2014; Abay and Ke^eli 2014. The new records bring the total number of bryophte species 
recorded for Turkey as close to 1000. When compared with most European countries, the bryophyte flora of 
many regions of Turkey is still either poorly known or completely unknown. On the other hand, Turkey has 
more bryophyte taxa than any other country in Southwest Asia. 

There are considerable differences in geography and climate in the many regions of Anatolia (Turkey). Turkey 
has three main floristic regions: Euro-Siberian, Mediterranean and Irano-Turanian. Diverse conditions in these 

regions provide a multitude of habitats which support a rich bryophyte flora. In this study moss specimens 
were collected at Ordu in the Black Sea Region of north-eastern Turkey (Fig. 1). Ordu is situated within the 
Euxianian section of the Euro-Siberian floristic region which has an eastern Black Sea oceanic rainfall regime 

with no dry season. The mean annual maximum temperature in the Ordu region is 27.5 °C (in August), with 
mean minimum temperature equal to 3.9 °C (February). The mean precipitation per year is 1029.2 mm, 

the highest precipitations occur in October and December and the lowest in May and July (Akman 1999). 
The Black Sea Mountain range belongs to the North Anatolia of Turkey. 

The central and eastern parts the range is high, and lies close to the Black Sea. On the North side of these 
mountains, the streams and rivers cut deep gorges and flow down to the sea. The moist climate in this region 
supports the largest tracks of closed forest in Turkey. Ordu has generally rough topography. There are also 
some plateaux at high altitudes, chiefly Qamba§i, Turnahk, Per^embe, Diizoba, Keyfalan, Top9am, Korgan, 

Mhis paper is dedicated to Elizabeth Anne Brown (1965-2013), remembering her contributions to Bryophyte taxonomy. 
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SOUTHWEST 

ASIA 

Fig. 1. The position of Turkey in SW Asia and the collection sites of reported taxa in Turkey. Abbreviations: Af: Afghanistan; 

Am: Armenia; Az: Azerbaijan; Ba: Bahrain; Ge: Georgia ; Ir: Iran; Iq: Iraq; Is: Israel; Jo: Jordan; Ku: Kuwait; Le: Lebanon; 

Om: Aman; Qa: Qatar; SA: Saudi Arabia; Si: Sinai Peninsula/Egypt; Soc: Socotra/Yemen; Sy: Syria; Tu: Turkey; UAE: 

United Arab Emirates; Ye: Yemen. 

Sariqi^ek, Qukuralan and Cure. At elevations of up to 1500 m, there are deciduous trees of Alnus glutinosa 
(L.) Gaertn., Carpinus betulus L., Castanea sativa Mill., Fagus orientalis Lipsky, Quercus spp. and shrubs such 
as Rhododendron ponticum L., R. luteum Sweet., Laurus nobilis L. and Corylus spp. prevail. Corylus spp. are 
important crop plants as well. At 1500-1900 m the forest consists of Picea orientalis (L.) Link, together with 
Pinus sylvestris (L.). Above 1900 m alpine meadows are dominant (Atalay 1994). 

There have been no previous bryological studies in the Ordu province of Turkey and until now, this region has 
remained largely unexplored. Our research is the first bryological study to be undertaken in the region and is 
thus an extremely important contribution to the moss flora of Turkey and Southwest Asia. 

The genus Cyrtomnium Holmen (Mniaceae) has not previously been reported from Turkey or SW Asia, 
according to published checklists of mosses of these regions (Uyar and Cretin 2004; Kiirschner and Erdag 2005; 
Frey and Kiirschner 2011) although it has been recorded from Far East Asia, the Russian Far East, Europe and 
North America. 
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Rhizomnium (Broth.) T.J.Kop. (Mniaceae) is represented by three species in SW Asia, two of these 
(R. magnifolium (Horik.) T.J.Kop. and R. punctatum (Bruch & Schimp.) T.J.Kop.) have been found in Turkey. 

There have been seven taxa of Leucodon Schwagr. recorded from Southwest Asia, including four (L. flagellaris 
Lindb. ex Broth., L. immersus Lindb., L. sciuroides var. morensis (Schwagr.) De Not. and L. sciuroides var. 
sciuroides (Hedw.) Schwagr. from Turkey. 

Three species of Leucobryum Hampe (Leucobryaceae) including L. albidum (P.Beauv.) Lindb., L. glaucum 
(Hedw.) Angstr. and L. juniperoideum (Brid.) Miill.Hal. have been reported previously from Turkey and SW 
Asia. 

Material and Methods 

The moss specimens were collected by the authors during field work in the Black Sea region of northeastern 
Anatolia (Turkey) from 24-26 October 2013, on the 14th November 2013 and29th January 2014. Identifications 
were determined using keys of Ireland (1982), Noguchi and Iwatsuki (1987,1989), Lin and He (1999), Li et al. 
(2007) and Zhang and He (2011). The status of these taxa in Turkey and Southwest Asia were evaluated using 

' V a t £& 9 * j 
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Fig. 2. Cyrtomnium hymenophylloides. A. Habit; B. Leaf; C. Leaf apex; D. Marginal cells near apical region; E. Median 

marginal cells; F. Mid-leaf cells. 
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Uyar and Qetin (2004), Kiirschner and Erdag (2005), Kiirschner and Frey (2011) and Ros et al. (2013). Selected 
vouchers have been deposited in the Herbarium of the Biology Department, Faculty of Science, Karadeniz 
Technical University, Turkey (KTUB). 

Results 

Cyrtomnium hymenophylloides (Hubener) T.J. Kop. Fig. 2 

Specimens examined: TURKEY, Ordu province: Ulubey, Kalicak Village (Locality 1), 40°49'50"N 37°45'40"E, on wet 

soil, 195 m, 14 November 2013, N. Batan and T. Ozdemir KTUB1590; Ulubey, Kadmcik Village (Locality 2), 40°52'41"N 

37°43T5"E, on wet soil, 540 m, 26 October 2013, N. Batan and T. Ozdemir KTUB 1591. 

Cyrtomnium is similar to, and easily confused with both Plagiomnium and Rhizomnium. However, 
Cyrtomnium has entire leaf margins whereas Plagiomnium taxa typically have serrulate to serrate leaf 
margins. Cyrtomnium hymenophylloides also resembles Rhizomnium taxa, but differs in having ovate leaves 
with unistratose leaf margins rather than elliptic to obovate leaves with bistratose or multistratose margins. 
Cyrtomnium hymenophylloides grows in loose, erect tufts, with flat, ovate leaves erect to spreading, slightly 
contorted when dry, with acute to apiculate leaf apices and entire, unistratose margins bordered by 2 or 3 rows 
of linear, yellowish cells forming a distinct border. 

Fig. 3 . Rhizomnium striatulum. A. Habit; B, C. Perichaetal leaves; D. Stem leaf; E. Leaf apex; F. Median marginal cells. 
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Distribution: Cyrtomnium hymenophylloides is previously known from Asia (China, Japan, Russia), Europe 
(Bosnia-Herzegovina, Croatia, France, Italy, Macedonia, Montenegro, Romania, Serbia, Slovenia) and North 
America. This species is new to Turkey and Southwest Asia (Ireland 1982; Uyar and Cretin 2004; Kiirschner and 
Erdag 2005; Frey et al. 2006; Li et al. 2007; Sabovljevic et al. 2008; Kiirschner and Frey 2011; Ros et al. 2013). 

Rhizomnium striatulum (Mitt.) T.J.Kop. Fig. 3 

Specimen examined: TURKEY, Ordu province: betwen Tepe Village and Kirli Village (Locality 3), 41°01'09"N 37°42'H"E, 

on wet soil, river bank, 690 m, 29 January 2014, N. Batan and T. Ozdemir KTUB1592. 

Rhizomnium striatulum typically differs from other Rhizomnium species in that its leaves have a much larger 
apiculus. The leaves are scarcely contorted when dry because of the stout leaf border. Rhizomnium is also 
morphologically close to Cyrtomnium, but differs in having bistratose to multistratose leaf borders (Ireland 
1982; Noguchi and Iwatsuki 1989; Li et al. 2007). 

Fig. 4. Leucodon coreensis. A. Habit; B, C. Leaves; D. Cross-section of stem; E. Leaf base (Basal cells). 
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Distribution: This species was previously known from China, Taiwan, Japan, Korea, India and Russia (Noguchi 

and Iwatsuki 1989; Uyar and Cretin 2004; Kiirschner and Erdag 2005; Ignatov et al. 2006; Li et al. 2007; Kiirschner 
and Frey 2011.; Ros et al. 2013). This species is new to Turkey, the Mediterranean and Southwest Asia. 

Leucodon coreensis Cardot Fig. 4 

Specimen examined: TURKEY, Ordu province: Ulubey, $ehler village (Locality 4), 40°50'32"N 37°42'35"E, on tree trunk, 

522 m, 26 October 2013, N. Batan and T. Ozdemir KTUB1593. 

This is the smallest of all the Leucodon species and is typically more rigid. The broadly ovate leaves with 
narrowly acuminate apices are the distinguishing characters of this species. 

The stems lack a central strand. The species is also characterized by large perichaetial leaves (Noguchi and 
Iwatsuki 1989; Zhang and He 2011). 

Fig. 5. Leucobryum bowringii A. Habit; B, C. Leaves; D-G: Transverse sections of leaf (D-F. near basal part of leaf, E. near 

mid-leaf, G. near apical region of leaf). 
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Distribution: Leucodon coreensis is previously known from China, Japan and Korea. This species is new to 
Turkey, Mediterranean and Southwest Asia (Noguchi and Iwatsuki 1989; Uyar and Cretin 2004; Kiirschner and 

Erdag 2005; Kiirschner and Frey 2011; Zhang and He 2011; Ros et al. 2013). 

Leucobryum bowringii Mitt. Fig. 5 

Specimen examined: TURKEY, Ordu province: Giilyali district, Sogukoluk village (Locality 5), 40°56'55"N and 38°02'5 T'E, 

on soil, 345 m, 24 October 2013, N. Batan and T. Ozdemir KTUB1594. 

Leucobryum bowringii is morphologically similar to L. neilgherrense Mull.Hal. and L. scabrum. It is easily 
confused with L. scabrum, but can be distinguished from that species by its smaller, more slender leaves and the 
dorsal side of the leaf acumina is smooth. The dorsal side of the leaf acumina of L. scabrum is prorate. Plants 
of L. bowringii are much larger than those of L. neilgherrense, and the leaves are much longer. 

Distribution: This widespread species is known from Mexico, Cuba, Venezuela, Japan, Cambodia, China, 
Taiwan, Thailand, Vietnam, Indochina, Malaysia, Himalayas, India, Sri Lanka, Philippines, Indonesia, New 
Guinea and Vanuatu (Noguchi and Iwatsuki 1987; Lim and He 1999; Uyar and Qetin 2004; Kiirschner and 

Erdag 2005; Kiirschner and Frey 2011; Ros et al. 2013). This species is new to Turkey, the Mediterranean and 
Southwest Asia. 
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Abstract 

Allan Cunningham’s herbarium collections are known to be distributed in at least 26 institutions world-wide. Many 

passed through several hands before being lodged in an official herbarium. The history of their collection, Cunningham’s 

numbering practices, and the intricate web of distribution of specimens through the hands of friends, colleagues 

and dealers is traced from letters, published accounts and the multifarious labels appearing on the herbarium sheets 

themselves. Particular attention is paid to Cunningham’s Asteraceae collections used by Augustin Pyramus de Candolle in 

the Prodromus Systematis Naturalis Regni Vegetabilis vol. 5, as these bear different numbers in the herbaria of Geneva (G, 

G-DC), Royal Botanic Gardens, Kew (K) and the Natural History Museum, London (BM), and in some others. For many 

of these collections it has been possible to reconcile these differences, leading to the identification of hitherto unrecognised 

type material. Many of the different kinds of labels attached to Cunningham specimens are illustrated, and interpreted. 

A brief synopsis is provided of the distribution of some of his other collections, of mammals, birds, reptiles, insects and 

artefacts. A list of Cunningham’s Asteraceae donation to Candolle, with details of surviving holdings in various herbaria, 

is provided. A list of specimens given by Cunningham to the captain of the ship L’Heroine for the French government is 

also provided. 

Introduction 

Allan Cunningham (1791-1839) was Australia’s most prolific plant collector of the early 19th century. He was 
with Oxley on the first major expedition into inland New South Wales in 1817, joined Phillip Parker King in 

four circumnavigations of Australia in 1817-1822, collecting on the coasts of eastern Queensland, northern, 
north-western and south-western Australia, as well as in Timor and Mauritius; conducted numerous short 
expeditions into areas such as the Illawarra, Monaro, Central Western Slopes, and Blue Mountains regions 
of New South Wales; and led major expeditions north from Bathurst to the Liverpool Plains (1823, 1825) 
and Darling Downs (1827). In Queensland he led or was involved in expeditions around Moreton Bay (1824, 
1828, 1829). He also had two expeditions to northern New Zealand (1826, 1838), and one to Norfolk Island 
(1830). It is often overlooked that on his way to Australia he also spent nearly two years in Brazil (1814-1816), 
collecting in the vicinity of Rio de Janeiro, and undertaking a long overland collecting expedition to Sao Paulo 
and return. 

Hhe author recalls with pleasure a long association with Elizabeth Brown, dating from the 1970s when he lectured to her in 

taxonomy at the University of Auckland, New Zealand. In more recent years he had lengthy and fruitful discussions with her 

in her role as editor of TELOPEA, and as curator of the Asteraceae collections in NSW. As a large part of this paper explores 

the Cunningham interaction with Candolle regarding Asteraceae it is an appropriate tribute to her. She would have enjoyed the 

botanical history as well. 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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Cunningham was sent to Australia by Sir Joseph Banks to replenish the exotic collections of the Kings Garden 
at Kew. His title was officially Kings Collector for the Royal Garden at Kew, and his salary and expenses were 
paid for by the British Treasury However, successive Governors in New South Wales were instructed to provide 
logistical support for his activities in the Colony The difficulties this instruction caused will be discussed 
elsewhere, but suffice it to say here that Cunningham was extremely successful in collecting seeds, bulbs and 
living plants, and in sending these to Kew (and to Banks who also demanded a share of the propagation 
material). Cunningham had also been instructed to prepare, wherever possible, dried herbarium specimens of 
the plants that he found, and to send replicates of these to London, to William Aiton in Kew and to Banks at 
Soho Square in central London. 

Cunningham (along with other collectors, such as Bowie in southern Africa, Caley in St. Vincent, Lockhart in 
Trinidad, Wallich in India, and Moon in Ceylon) was successful in reviving the strength and depth of the Kew 

living collections (Desmond 2007). A hothouse which had originally been built at Kew in 1788 for Massons 
introductions from Africa, gradually became filled with Australian plants, and was renamed the Botany Bay 
House. William Aiton, Superintendent of the Royal Garden at Kew, instructed two of his gardeners, George 
Bond and Thomas Duncanson, to prepare watercolours of newly introduced plants at Kew which had flowered 
for the first time (Mabberley 2004). Most of these paintings are still held at Kew, and among them are 26 plants 
sent from Brazil by Cunningham and his fellow collector James Bowie, and 269 paintings of plants sent to Kew 
by Cunningham from Australia, New Zealand, Timor and Mauritius (there is some duplication, with the same 
species sometimes illustrated more than once, but there are well over 200 different species depicted). William 
Hooker, in Curtiss Botanical Magazine (1819-1837; tt. 2100-3625) recorded and illustrated at least 139 plants 
introduced to Britain (mostly to Kew) by Cunningham (in some cases this was by inference, e.g. in recording 
plants collected during Oxley’s 1817 expedition). 

Cunningham’s mission implied that, in theory, he only needed to collect each species once. Once Kew had 
propagation material, there was no need to re-collect the species. Cunningham therefore kept careful records of 
everything he collected, and was able, in later years, in corresponding with William Jackson Hooker and others, 

to quote just where and when he had collected a particular plant. Of course, occasionally he inadvertently 
collected the same species from different localities, and from time to time, Aiton requested that choice plants 
(particularly Proteaceae) that had died at Kew, be re-collected to re-establish stocks. However, it is true to say 
that for the majority of species, Cunningham only collected them once, or if he collected seed on different 
occasions, he only preserved dried specimens once. 

The propagation material was Cunningham’s primary objective, but his herbarium sheets are his lasting legacy. 
It is not known exactly how many individual collections he made, as not all shipping lists have survived. 
However the number certainly exceeds 5000. Of each gathering he routinely made at least three replicates (one 
for Aiton, one for Banks and one for his own reference set), and for many he clearly made more, because for 
years afterwards he was able to supply colleagues such as W. J. Hooker, J. Lindley, A.P. de Candolle, G. Bentham, 
D. Don and others with specimens. The total number of his herbarium sheets must therefore exceed 20,000 
worldwide, and many are types or replicates of types, often not identified as such. Cunningham described a 
large number of species (and a few genera) himself (Orchard 2013), but for even more his specimens were 
used by other botanists to describe Australian taxa. In the Australian Plant Name Index (APNI) there are over 
450 names with the author citation A.Cunn. ex ...’. This excludes those taxa for which the describing author is 

cited alone, but the type specimen is Cunningham’s. Authors who have used Cunningham material as the sole 
or main basis of their descriptions include G. Bentham, A.P. de Candolle, G. Don, W.G. Walpers, J.C. Loudon, 
J.C. Schauer, C.D.F. Meisner, S.EL. Endlicher, W.J. Hooker, J.D. Hooker, E. Fenzl, F.J.H. von Mueller, J. Steetz, 
J. Decaisne, R. Brown, J. Lindley, A. Gray, F.A.W. Miquel, and many others. According to Index Herbariorum 

(Lanjouw and Stafleu 1954) Allan Cunningham herbarium material is now to be found in at least 26 herbaria. 

The Cunningham specimen numbers 

The first to have commented on Cunningham’s confusing numbering system seems to have been Spencer le 
Marchant Moore (1919), although it appears that he did not fully understand it. After every major expedition 
Cunningham prepared his collections for despatch to London by the earliest possible suitable ship. He avoided 
very small ships, and those returning to London by circuitous routes (e.g. via China, India or the East Indies). 
For each kind of collection (seeds, bulbs, living plants, herbarium specimens, wood samples) he prepared 
itemised lists. Each specimen was allocated a number, which usually started at 1 for each kind of collection 
in each shipment. Thus for a despatch by the ship Jolly Roger, the seed packets might be numbered 1-350, 
bulbs 1-7, living plants 1-72, and herbarium specimens 1-296. These numbers were quite often cross- 
referenced, particularly between seeds and herbarium specimens, but the numbers were applied arbitrarily, not 
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chronologically. The next despatch of material, which might be three or more months later, would also include 
numbered lists, but the numbers usually began again at 1 for each type of collection. Only in early collections 
from Brazil, and in Australia 1816 to about 1818, were the number sequences sometimes continuous from one 
shipment to the next. Most authors have treated these shipping numbers as equivalent to collection numbers, 
and, in conjunction with at least one other piece of data, either a date, voyage, species name or locality, they 

are usually unique, given Cunninghams attempts to not re-collect the same taxon. However, a label of the 
kind ‘Cunningham 47’, as appears on many herbarium sheets, is not particularly informative. Particularly for 

low numbers, the same number will exist for multiple collections. However, a label ‘Cunningham 47,1817’ is 
often unique, and will identify a particular collection (in this case, as probably from the Oxley expedition). 
Cunningham did not place any enduring value on these shipping numbers, although he retained them in his 

own herbarium as an aide memoire of what he had sent to Aiton and Banks. Later in life, when despatching 
replicates to friends and colleagues, he renumbered specimens in each despatch. Other numbers became 
attached to Cunningham specimens subsequently. Herbarium specimens were ‘collectables’ in 19th century 
polite society, and were traded among dilettantes. When these private collections were later given to institutions, 
or sold, the private numbers went with them, and are often confused with Cunningham’s shipping numbers. 
Other specimens may now be found with two numbers, the original shipping number, and Cunningham’s 
secondary shipping number. This is particularly the case with the large suite of specimens Cunningham sent 

to Candolle, and which are now in G and G-DC (discussed further under ‘Distribution to Candolle’ and in 
Appendix 1). 

Cunningham's Brazilian collections 

Allan Cunningham and James Bowie were despatched by Banks from England on 29th October 1814 to collect 
propagating material for Kew in the Cape of Good Hope and New South Wales. However Banks suggested 
they travel via Rio de Janeiro, collecting there for a short time, before resuming their journey. For a number 
of reasons they eventually spent almost two years in Brazil, only leaving on 28th September 1816, Bowie for 
the Cape of Good Hope, Africa, Cunningham for Sydney, Australia. Most of their collecting was done within 
a day or two’s foot (or mule) travel of Rio, although they undertook one major overland expedition to Sao 
Paulo and return from March to September 1815, and visited ‘Taguihy’ (=Itaguai) at the foot of the main coast 
range on several occasions. Towards the end of their stay they both collected in the Organ Mountains at the 
head of Rio de Janeiro’s Guanabara Bay. It appears that Cunningham did not retain replicates of most of these 
Brazilian collections, perhaps because of the problem of protecting them from mould and insects (particularly 
termites). Just a handful of specimens are known to have passed through private hands. A collection of 
Leucothoe revoluta DC. in TCD was received from the herbarium of J.T.Mackay. The holotype of Blechnum 
cunninghamii T.Moore (=B. occidentale L.) in K was received when Kew purchased the herbarium of Thomas 
Moore in March 1885. Annotations on this sheet suggest Moore might have received it from Cunningham’s 
friend Robert Heward, who inherited his botanical specimens. Two sets of Brazilian (and later, Australian) 
specimens were sent to Aiton in London, of which one set was forwarded to Banks (and his Librarian, Robert 
Brown). Aiton’s set was housed in a small shed built for the purpose near his office in Kew. Neither set was 
consulted in any serious way by contemporary botanists, although the collections undoubtedly contained new 
taxa. Cunningham complained of this many years later (see below, under ‘Richard Cunningham’s distribution 
of Allan Cunningham specimens’). 

When Aiton retired in 1840, and before William Hooker arrived to replace him, Robert Brown, by now Curator 
of Botany at the British Museum, removed Aiton’s set of Brazilian collections to what is now BM, at the 
invitation of Aiton. The gardens were under threat of dissolution at this time (Stearn 1965). In BM there is 
an herbarium accession recorded: ‘Collection made with James Bowie in Brazil (1814-17) in Herb Banks’, but 
no record seems to exist of the specimens received in 1840 ex Kew, which were presumably subsumed in the 
‘Collection of Australian plants, made 1818-26, presented by William Townsend Aiton.’ discussed below under 
‘Cunningham’s Australian...collections...’. Thus for a time, Cunningham’s Brazilian specimens were all housed 
at BM (Fig. 1, an example of a Cunningham label from one of his Brazilian collections). Subsequently (date 
unknown) replicates of some of them were distributed to other herbaria, but apparently almost none of them 
found their way back to Kew (K). A brief examination by the author of groups such as Melastomataceae, which 
Cunningham is known to have collected prolifically in Brazil, revealed almost no Kew specimens. The very few 
now held at K came via private collections, of which the Blechnum specimen noted above is an example. Others 
include Miconia sp., J.Bowie 83 (K850585) and Miconia urophylla DC. J.Bowie 87 (K828902), both received 
by K via James T. Mackay. Mackay was a Scottish-born botanist who spent much of his life in Ireland, where 
he established a botanic garden for the University of Dublin at Ballsbridge, and was later curator of Trinity 
College Botanic Gardens (Nelson 2004). It is not known how he acquired these specimens. 
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Information on the shipments of Cunningham and Bowie specimens from Rio de Janeiro in 1815 and 1816 
(Table 1) include date of despatch, ship details, and contents of despatches. 

A few Brazilian specimens collected by Cunningham and Bowie are now held in herbaria other than BM. 
For example, the Field Museum Herbarium, Chicago (F), holds an isosyntype of Solatium didymum var. 
subglabrum Dunal, and the herbarium, Missouri Botanical Garden (MO), holds an isotype of Lucuma bullata 
S.Moore (-Pouteria bullata (S.Moore) Baehni), and an isotype of Stipecoma parabolica Miers (=Peltastes 
peltatus (Veil.) Woodson). All of these were received as exchange specimens at some time from BM. The 
herbarium of the Botanischer Garten und Botanisches Museum Berlin-Dahlem (B) holds two sheets with 

fragments (leaves) of the type of Anomospermum ovatum Miers, both almost certainly removed from the large 
specimen still in BM. 

Cunningham's Australian, Timorese, Mauritian and New Zealand collections, 1816-1830 

Cunningham arrived in Sydney on 20th December 1816 as a paying passenger in the convict transport Surry, 
and according to his Journal (A.Cunningham 1814-1817) by the 23rd was already making notes on the plants 
around Parramatta, and on the 24th on the ‘rocky shore opposite the Town [Sydney]’. During January-March 
he collected around Sydney, Parramatta, Windsor, Pennant Hills and Castle Hill. These specimens and seeds 
were despatched on board H.M. Armed Brig Kangaroo (Captn Jeffreys) on 24th March 1817. Unfortunately 
no copy of the Shipping Lists which accompanied this despatch seem to have survived. At the instruction 
of Governor Lachlan Macquarie, on 3rd April Cunningham joined the expedition led by Surveyor General 

John Oxley, and for the next five months explored the courses of the Lachlan and Macquarie Rivers. On 
his return to Parramatta on 8th September he immediately made up a despatch of seeds and specimens, and 
sent the originals in two cases to Aiton by the Harriet (Captn Young) on 1st December. The duplicates, plus 
some bulbs and seeds were despatched at the same time by the Chapman (Captn Drake). On 22nd December 
he joined Phillip Parker King in the Mermaid for the first of four major expeditions to chart and explore 
northern Australia. These activities set the pattern for the next 10 years. Cunningham would undertake a 
major or several short expeditions, at the conclusion of which he would make up consignments of specimens, 
seeds, and bulbs or live plants in soil, and send them to Aiton by the earliest suitable ship, chosen for its size, 
direct voyage to England, and reliable Captain. Each consignment was accompanied by a detailed numbered 
list of each kind of collection, usually starting at number 1. On arrival in London, Allans brother Richard, 

amanuensis to Aiton, would put aside one set of specimens, seeds and plants for Kew, and send another set 
of the specimens and seeds (at least) to Banks. Figure 2 shows one of Cunninghams original shipping tags, 
and one of the printed label produced for his Australian collections in BM (there are several minor variations, 
for various voyages, etc). The K specimens were stored in the shed near Aiton’s office; the Banks specimens 
went into the latter’s herbarium in Soho, under the care of Brown. In 1840 on Aiton’s retirement Brown 

Fig. 1. Label from one of Cunningham’s Brazilian collections (Aphelandra longiflora (Lindl.) Profice, BM28856) in his 

handwriting ‘Ruellia sp. allied to fulgens Andr. Close moist Woods Jaragua 3 Leags distant from Sta Paulo 28th June 1815’. 

AUSTRALIA : A. CUNNINGHAM. 

^VOYAGE OF “ MFliMAID/" fS2.o. 

Fig. 2 . An Allan Cunningham original shipping number tag ‘56’, and one of the printed labels produced for Cunningham’s 

Australian specimens in BM: Buchanania arborescens (Blume) Blume. ‘Cape Flinders, Australia: A.Cunningham, 3rd 

Voyage of “Mermaid,” 1820.’ This specimen is an isosyntype of Buchanania muelleri Engl. 
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Table 1. Details of the shipments of Cunningham and Bowie specimens from Rio de Janeiro, Brazil to England 
(1815-1816), date of despatch of the shipments, name of ship and Ship Master, summary of contents in the shipment and other 
comments are provided. 

Date of despatch Ship/Master Contents Comments 

13th March 1815 Montagu/ino 
Watkins 

A box of specimens, seeds and 
plants, being succulent and 
parasitical [=epiphytic]. Seeds (120 
parcels) and some live plants, incl. 
'some Cacti perhaps new, roots 
of a hexandrous plant, blue spike, 
allied to Convallaria?, and some 
others.' 

The shipping list from this despatch has not 
been found. The description comes from a 
letter to Banks dated 13th March 1815, and 
Cunningham's Journal. 'Parasitical' plants 
refers to epiphytic plants, probably mostly 
orchids. All came from near Rio. 

22nd November 1815 Iris/ Henry 
Greathead 

Box no. 1 & 3 containing Seeds 
and Specimens. Four other boxes 
containing live plants not sent. 

These were the seeds and specimens 
collected on the expedition to S. Paulo. 
Material from the outward trip had been 
left at Santos for shipping to Rio, but sat 
on the docks for 3 months. The despatch 
per Iris contained, in addition, bundles of 
specimens collected on the return trip, plus 
others from around Rio and Taguihy collected 
subsequently. The numbering system was 
chaotic, with 12 separate lists or Bundles, 
each starting from no. 1, with numbers up 
to 90. The total number of specimens was 
588, some by Bowie, some by Cunningham, 
some jointly. 

25th December 1815 Dolphin/Capt. 
Black 

Five boxes of Specimens and 
Seeds. From a letter to Aiton, the 
shipment included at least 712 
packets of seeds, and 5 bulbs 
(Amaryllis & Brunsvigia, 2 of 
each, plus 1 unidentified). 

These were seeds and specimens collected by 
Bowie from Taguihy to replace those lost due 
to the delayed shipment from Santos, and by 
Cunningham from Corcovado. The shipping 
list has not been found. This shipment also 
included 3 bundles of Sello specimens. 

10th February 1816 Nocton/ Captn 
not noted. 

Two boxes of specimens and 
seeds. 

Included specimens from the summit 
of Corcovado. Previous collections had 
been from the lower slopes. Cunningham 
specimens numbered 1-92, Bowie 1-115. 

23rd March 1816 H.M. Frigate 
Indefatigible/ 

A box of specimens and 71 
packets of seed. 

Specimens from Tejuca Falls, 'St. Andre 
Island' in the harbour, slopes of Corcovada. 
Cunningham specimens 93-147; Bowie 
specimens 1-36. 

1st June 1816 Quebec/ Five boxes of specimens, seeds and 
plants. 

Specimens from Taguihy (Bowie), and 
Corcovado, Pria Grande, and shores of 
the harbour, Sumi do Rio (Cunningham). 
Cunningham specimens 148-250, fern 
specimens 1-61, Bowie 1-86. 

18th July 1816 H.M. Frigate 
Orpheus/ Charles 
M. Fabian 

One box of specimens, 3 boxes of 
succulents and parasitical plants. 

Specimens from Sumi do Rio and Corcovado 
(Cunningham no. 251-296); Bowie no. 1-12 

22nd October 1816 Berwick/ Two boxes of specimens Specimens from the foothills near 
Taguihy, from around Rio, and from 
Corco Secco and the Organ Mountains. 
Cunningham no. 297-383, & ferns 62- 
68; Bowie no. 1-125 & ferns 1-7. These 
specimens were shipped by a friend, 
David Stevenson, after Cunningham 
and Bowie left Rio. 
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added the K specimens to the Banksian herbarium at the British Museum (now BM). The BM accessions list 
records ‘Collection of Australian plants, made 1818-26, presented by William Townsend Aiton.’ In 1852 an 
unnamed donor presented BM with ‘A collection of Australian plants, chiefly from Allan Cunningham,’ A small 

additional set of Cunningham specimens was acquired by BM in 1866, when the herbarium of John Smith, 
Curator, Royal Botanic Gardens, Kew, was purchased. This herbarium consisted of some original Cunningham 
specimens, and some produced from living plants introduced by him to Kew (see below under ‘Distribution 
to other botanists, 1831-1837’). 

Richard Cunningham's distribution of Allan Cunningham specimens 

It seems that in Australia, perhaps because of the more favourable drying conditions, Cunningham often 
collected more than the two sets of herbarium sheets (for Aiton and Banks) that he was contractually obliged 
to provide. He must certainly have habitually kept a third replicate for himself, as in correspondence to Hooker 
and others in later years he could confidently discuss the details of morphology, date and place of collection. 
Of much of his collection he also seems to have despatched to London more than two sets. 

It was Cunningham’s expectation that his new plant discoveries would be rapidly written up, either by Brown 
or Aiton, but this did not happen. Brown had received a blow when the first volume of his Prodromus sold 
poorly, and he lost interest in large scale descriptive projects. Aiton was only interested in growing new and 
unusual plants at Kew, and not in describing or distributing them. Allan Cunningham’s contract forbade him 
making the fruits of his collections available to others, for fear of undermining their novelty value for Kew, so 
he could not describe them himself. However, his brother Richard, working at Kew, came up with a scheme 
whereby William Hooker, then Professor of Botany at Glasgow, could describe at least some of them through 

his publications, Curtiss Botanical Magazine, Exotic Botany, and others. As he explained to Hooker, he was in 
possession of Allan Cunningham’s specimens, and offered to send sets to Hooker: 

7 have been thinking how my Br[other], may receive the credit of his discoveries without a nest of hornets being 
stirred up, for altho’ the specimens my Brother sends me I consider as my own property, yet they are for the most 
part the same as those sent by him for the Banksian &c herbaria [footnote: this however is not always the case as I 
have some unique subjects], and altho’ they would otherwise be destined to moulder away and be entirely lost to the 
world, yet such is the disposition to monopolize subjects of this kind that I am well aware of the kind of feeling that 
would be raised against me if I was known to have placed them on a train for publication.' (R. Cunningham 1824). 

Allan Cunningham had expressed his concerns regarding non-publication of his discoveries, as Richard 
Cunningham told Hooker: 

‘I wish I could fairly (situated as I am in relation to Kew) send periodically to Dr. Hooker specimens of my plants, 
after supplying Mr. Aiton s & Mr. Browns Herbaria. I wish to act uprightly to all concerned, but when I consider 
that the persons to whom I am bound to send my plants do not publish them, but rather sedulously study to keep 
them from the public &c, thereby giving full opporty for others to claim the merit of Discovery, I regret it much, & 
feel disposed to give that to others who would do justice to any thing interesting I might send. I have no hesitation in 
saying that so soon as I am released from my present tie, I shall not scruple to act as I have said. ’ (A. Cunningham, 
quoted in R.Cunningham 1825). 

Richard Cunningham undertook a regular correspondence with Hooker from at least 1823 to 1832, when 

Richard Cunningham departed to take up the position of Colonial Botanist in Sydney. On 29th November 1823 
he sent specimens from near Sydney, and some from the Oxley Expedition; on 22nd January 1824, plants from 

the Illawarra; on 22nd October 1824 collections from north of Bathurst; on 5th December 1824, specimens from 
the coasts of western and north-western Australia, and from Tasmania; on 22nd December 1824 plants of the 

Fig. 3. Label on a Cunningham specimen from W.J.Hooker’s herbarium, now in K: Polyalthia nitidissima (Dunal) Benth. 

(K). ‘6. Capparis lucida mss., a densely branched Tree, 15 feet high; fr. Sept. - In brushes on islands in Moreton Bay. All. 

Cunningham.’ 
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east and north-west coasts; on 7th January 1825 collections from the east, north and north-west coasts, some 
from Timor, and some from south of Sydney; on 6th July 1825 he sent a hundred plants from New South Wales, 
but noted later in the month that he had no more plants in any quantity to send. 

On 26th December 1825 he sent Hooker a list of Cunningham specimens of groups covered in Candolle’s first 
volume of the Prodromus (Candolle 1824), and asked whether Hooker needed any for his own proposed System 
of Plants. In a letter (undated) of 1827 Richard Cunningham sent Hooker 'plants... lately arrived from New 
South Wales', and in a letter of July 1831 Richard mentioned that Allan Cunningham had arrived in London 
a fortnight earlier, and had a bundle of specimens for Hooker, mainly from Norfolk Island. An example of a 
label on a specimen acquired by Hooker while still in Glasgow, before moving to Kew, is presented in figure 3. 

Allan Cunningham had arranged to be recalled to England in 1830, arriving in July 1831, and settled at Strand- 
on-the-Green across the River Thames from Kew. From there he took up his own correspondence with Hooker, 
and with other botanists in the UK and on the Continent. During this period (until October 1836 when he 
returned to Sydney) he worked on his personal herbarium, and distributed replicates to various colleagues 
and friends. 

Distribution to Dumont d'Urville 

Cunningham wrote from Sydney to Phillip Parker King in London on 18th February 1824, telling him of his 

various expeditions since King had returned to Britain to publish his charts and Narrative (King 1827). In an 
addendum to that letter (Cunningham 1824b), he mentioned that the French Corvette La Coquille (Captain 

Duperrey) had been in port for several weeks, and that he had met Dumont d’Urville. Dumont d’Urville had 
collected many entomological specimens around Sydney, but because of a drought, had not found many plants 
in collectable condition. Cunningham said that he was providing d’Urville with supplementary material from 

his own herbarium. Later, he sent additional specimens to him via his friend Charles Telfair in Mauritius, as he 
knew the expedition planned to call there. These specimens are presumably at P, but none were located there 
during this study. The Herbier National de Paris (P), within the Museum National d’ Histoire Naturelle holds 
Australian collections by Dumont d’Urville, and by Cunningham, but none have been located bearing both 
names. It is possible that d’Urville recorded Cunningham’s donation under his own name. 

Distribution via C. Telfair 

When the Mermaid visited Mauritius in September-November 1821, Allan Cunningham made the acquaintance 
of Charles Telfair (1778-1833). Telfair was born in Belfast, studied chemistry and medicine, and joined the 
Royal Navy as a Ship’s Surgeon, visiting Mauritius and Reunion in 1810. In 1816 he returned to Mauritius to 
settle. He held a number of government appointments in Reunion before being appointed personal secretary 
to the Governor of Mauritius, Robert Farquhar (Nelmes and Cuthbertson 1931). It must have been in this 
capacity that Cunningham met him, and the two remained in correspondence intermittently until 1829 at 
least (from comments regarding other letters it is clear that much of the correspondence has not survived). 
The first surviving letter from Cunningham to Telfair is dated 8th August 1824 (A. Cunningham 1824a), 

written while he was camped at ‘Bull-ai’ [? the current Bulli] in the Five Islands District (Illawarra). This 
discursive letter discusses the local vegetation, particularly the palms, and contains some of his first thoughts 
on Australian biogeography. More pertinent to this paper, Cunningham mentioned that he had recently sent 
by the brig Perseverance to Telfair a small packet of specimens for 'M. Dumont D'urville, Bof & Pf Lieut of the 
French Corvette La Coquille (Capt. Dupperrey)...’ to be forwarded. He promised to send Telfair live plants of 
Doryanthes and Correa etc. On 28th September 1825 (A. Cunningham 1825) Cunningham wrote to Telfair per 
Mr. Savage, travelling on the John Munroe, and enclosing a packet of 50 dried plants, which he hoped 

'...will not be wanting in interest to you as it is made up of species belonging to Genera that in part form the 
characteristic feature of the Australian Flora. Packets of this description, I shall be very happy occasionally to send 

you for your examination, and, if you please, for your after transmission to your very learn d friend, Dr. Hooker, 
the regius Prof, of botany of Glasgow University, who, altho’ I have not the honour of his correspondence, I have the 
strongest desire to aid by my labours (small as they truly are) in the augmentation of the materials he at present 
possesses for the carrying on of the several invaluable & most learned works, whose publication he is at this period 
so ably and honourably conducting.’ (A. Cunningham 1825) 

The accompanying list showed that the majority of the specimens were from near Sydney, but some were from 
the Oxley Expedition, a few from Liverpool Plains, and a few from Moreton Bay. On 16th September 1828 

Cunningham wrote to Telfair from Brisbane, complaining that he had not heard from him for 18 months, 
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but describing his exploration of the Brisbane region with Charles Fraser, Colonial Botanist, and also a 
correspondent of Telfair’s. At this time he sent Telfair for his garden, seeds of three unusual trees he had found 
on the Brisbane River, 

‘Omphalobium australe (C.), Native Chesnut; Flindersia australis Br.; and a new Genus closely allied to Flindersia, 
bright yellow wood' (A. Cunningham 1828b) 

The Yellow-wood was Flindersia xanthoxyla (A.Cunn. ex Hook.) Domin (syn. Oxleya xanthoxyla A.Cunn. ex 
Hook.). In a letter of 10th January 1829 he obliquely mentions another parcel of specimens for Hooker, of 
which No. 101 was the ‘Chesnut’, which he now proposed to describe as Castanospermum. This he did, but 
for the complicated details of publication see Mabberley (1992). In another letter dated 9th November 1829 

he described to Telfair his exploration of the upper Brisbane River of May-September 1829, and promised to 
send Hooker specimens from this expedition ‘by the next opport[unity]'. He also noted that he had heard via 
Fraser that Telfair had succeeded in flowering Doryanthes in Mauritius from Cunningham’s seeds. No further 
surviving letters from Cunningham to Telfair have been located, but a small number from Telfair to Hooker 

have survived. On 17th January 1829 Telfair noted that he was sending Hooker in Glasgow, in soil, germinated 
seeds of the ‘Omphalobium australe’ of A. Cunningham. On 8th March 1829 he noted that a Mr Aspinall had 
called briefly at Mauritius and delivered letters and a plant list for forwarding to Hooker, but had not left the 
specimens to which the list referred. The ‘Chesnut’ was growing luxuriantly, as were eight plants of Doryanthes, 
now distributed around the island. On 29th October 1829 he reported that he had heard from Cunningham 
that the latter no longer believed the Chesnut belonged to Omphalobium, but to a new genus. Finally, Telfair 
wrote to Hooker: 

‘ Cunningham was at Norfolk Island by our last accounts. No doubt he will bring us some treasures from thence. I 
have transcribed for him your paragraph concerning him & his discoveries, which I am sure will please him much. 
It is indeed a sad pity that his great talents & industry should so long & so perseveringly [be] kept under, & their 

results withheld from the world. I trust that he may still by your aid emerge into life &fame\ (Telfair 1830) 

Distribution to A.P. de Candolle 

Allan Cunningham noted with considerable interest the start of publication of Candolle’s Prodromus (Candolle 
1824). By the time he returned to England in 1831 the first four volumes had appeared. 

On 18th January 1834 he wrote to Candolle, sending him nine specimens of Asteraceae that he thought might 
be useful for Vol. 5 of the Prodromus (A. Cunningham 1834a). The original letter, still held in G (Library of 
Conservatoire et Jardin botaniques de la Ville de Geneve), bears Candolle’s manuscript annotations identifying 
the species. Cunningham wrote again in August (A. Cunningham 1834b), saying that, as Candolle had indicated 
that publication was still some time away, Cunningham was sending him 135 additional Australian Asteraceae. 

In both of these lists the plants were numbered afresh (Fig. 4), although in a few cases both the old (to Aiton) 
number as well as the new appears on the label. The Asteraceae specimens sent to Candolle, and replicates of 
these in other herbaria, are listed and discussed in Appendix 1. 

Fig. 4. Label in Cunningham’s hand on a specimen of Olearia chrysophylla (DC.) Benth. in G-DC. (Asteraceae), sent 

to Candolle in 1834, with new shipping number 6: ‘No. 6. Aster chrysophyllus C. (1822). A shrub of robust habit 6 

feet in height, flow8 probably in the month of June, discovered past flowering in Septr on the margins of creeks in the 

Mountainous Country in the north of Bathurst, N.S.Wales. Sept. 1822, A.C.’ ‘Mr. A. Cunningham, re<pi 1834.’ Holotype of 

Eurybia chrysophylla DC. 
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Shortly before leaving England to return to Sydney, Cunningham wrote to Lindley, informing him that he was 
despatching to 

CD. Candolle - to whom I have sent, rather made up, packets of some fine, very fine things of orders he has yet to 
come to in the Prodromus - Epacrideae &c, Thymeleae &c (A. Cunningham 1836a). 

These specimens are now in G (families published in the Prodromus before 1836), or in G-DC (families 
published after 1836), and are marked ‘Mr. A.C. Cunningham 1836’. In general, they bear Cunningham’s 
handwritten labels, with locality and date of collection, but are mostly unnumbered. Some of these specimens 
were later divided. In P there is a specimen of Eurybia rosmarinifolia DC. (=Olearia rosmarinifolia (DC.) 
Benth.) (P711313) with a printed label ‘extrait de l’herbier de M. De Candolle, et donne par lui en 1837.’ 

Distribution to J.C. Schauer 

In November 1834, Johannes Conrad Schauer, then at the Botanic Garden in Breslau (Wroclaw), wrote to John 

Lindley requesting material of Chamaelauciae. Lindley forwarded the request on to Cunningham, who replied 
in March 1835 that he would forward whatever he had to Lindley, for transmission to Schauer, who he had 
never heard of, but was disposed to help 

‘because of his Connexion with a learned Man, the Prof Nees V. Esenbeck' (A. Cunningham 1835). 

He must have been satisfied with the result, because in 1836 when distributing material from his herbarium to 
respected botanists, one of the recipients was ‘M. Schauer, Breslau, Myrtaceae chiefly’ (A. Cunningham 1836a). 
Schauer subsequently cited Cunningham specimens in many of his publications on Myrtaceae. 

Distribution to WJ. Hooker 

As mentioned above, William Jackson Hooker received large numbers of Allan Cunningham specimens in the 
period 1823-1831 via Richard Cunningham. He had also received several parcels direct from Mian Cunningham 
via Telfair. Once Allan returned to England he was free of contractual obligations, and free to distribute his 
material to anyone. He immediately took up regular correspondence with Hooker in Glasgow, but this mainly 
concerned publication of his living introductions (Orchard 2013). He sent Hooker very few additional dried 
specimens, one exception being a sheet of Grevillea robusta, needed to supplement the description of that 
species in Curtis's Botanical Magazine when the Kew living plant had not yet flowered. 

Previously, however, cryptogamic plants had been outside of Cunningham’s contractual obligations, and 
these, plus insects and the occasional animal or bird that he collected, he was free to dispose of as he wished. 
In a letter to Hooker of 5th Lebruary 1825 (R. Cunningham 1825a), Richard Cunningham noted that his 
brother had requested a copy of Hooker’s Musci Exotica, and asked whether Hooker could provide one. On 
13th Lebruary (R. Cunningham 1825b) he noted that in a letter just received, Mian had advised him that he was 
sending a few mosses for Hooker, and promised more from the Illawarra later. Richard Cunningham noted the 
arrival of the first cryptogam collections in a letter to Hooker of 20th September 1826. In 1829 Hooker began 
supplying numbers of his leones Filicum for transmission to Sydney, with a view to encouraging Cunningham 

to collect ferns for him. 

Cunningham returned to Sydney as Colonial Botanist in 1837, but was given no opportunity to undertake 
collecting expeditions during that year. After resigning in December 1837, he travelled to New Zealand in 1838, 

but most of his collections from there were still in Sydney when he died in 1839. Hooker eventually received a 
set of these in 1840 from Heward, and others were received by Kew in 1862. 

When Hooker was appointed Director of Kew in 1841, he brought with him his immense personal herbarium. 
One small part of this was his suite of Cunningham specimens. In 1866 the Hooker herbarium was purchased for 
Kew, and the specimens received a circular date stamp which identifies them (Lig. 3). Cunningham specimens 
in K bearing this stamp can thus be traced to donations from the Cunningham brothers between 1823 and 
1831 to William Hooker. However it seems that Hooker may not have brought all of his Cunningham material 
with him to K. In the Herbarium, Royal Botanic Gardens, Edinburgh (E), are many sheets stamped ‘GL’, on 

permanent loan from the University of Glasgow (GL). Among these are a number of Allan Cunningham’s 
Australian collections, as well as many collections by Richard Cunningham. How these came to be in GL is not 
clear, but it is possible William Hooker left a small collection behind when he moved to Kew. It is also possible 
these specimens were from the herbarium of George Walker Arnott who worked with Hooker, and lived his 
later life in Glasgow (Britten 2004). 
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Distribution to G. Bentham 

While living at Strand-on-the-Green near Kew Cunningham received from George Bentham a request for the 

loan of his Labiatae. Cunningham replied that although he was not personally acquainted with Bentham, he 
was happy to oblige and promised to send him specimens within the week (A. Cunningham 1834c). The 37 
specimens were sent on 21st May 1834, with copious notes from Cunningham. He asked for their return ‘at an 
early day’, but offered to send Bentham duplicates later if any were of special interest. A year later Bentham 

(1835) recorded that he had Cunningham’s Buchnera. The duplicates of Cunningham’s Labiates were sent in 
1836, by which time Cunningham had made Bentham’s acquaintance at the Linnean Society, and confirmed 
that he was loaning him Scrophulariaceae specimens (A. Cunningham 1836b). Later the same year he wrote 
to Bentham that he was about to return to Sydney, and was dispersing his herbarium. He promised Bentham 
‘specimens of such as I shall consider interesting to you (A. Cunningham 1836d). In his letter to Lindley listing the 
disposition of specimens (A. Cunningham 1836a), was the entry ‘Mr Bentham, of the Orders Scrophularineae, 
Verbeae\ In fact Bentham received far more than this, as Heward later provided him with additional specimens 
(see below under ‘Robert Heward’). The Bentham herbarium was presented to Kew in 1854, and these sheets 
are identified by a circular handstamp(Fig. 5). 
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Fig. 5. Label and handstamp on a sheet of Stemodia lythrifolia F.Muell. ex Benth. (syntype), ex herbarium Bentham, in K: 

‘Adenosma coerulea Br. (Banks & Solr). A glutinous spongicauled plant, in barren rocky places on Enderby Isld, Dampier 

Archipelago, N.W. Coast, Aust., 25 Feb. 1818.’ The annotation ‘A. Cunningham 1836’ indicates that this was one of the 

specimens given to Bentham by Cunningham in that year. The specimen was part of the Bentham Herbarium presented 

to Kew in 1854, but was used by Bentham in preparing his Flora Australiensis treatment in 1868. 

Distribution to J. Lindley 

Only two letters to John Lindley have been located, but it is clear that Cunningham regularly sent him 
specimens after 1831. Cunningham recognised that Lindley was the pre-eminent British orchid specialist, and 
sent him large numbers of specimens of this family. These are frequently cited in Lindley (1830-1840). In this 
period Cunningham relied mainly on Hooker to publish descriptions of his new living plant introductions 
in Curtis's Botanical Magazine (Orchard, 2013), but when this process faltered, he turned to Lindley, editor of 
Edward’s Botanical Register. To support these horticultural reports, both men received occasional herbarium 
specimens from Cunningham. In 1836, when breaking up his herbarium, Cunningham included Lindley as 

a recipient (A. Cunningham 1836a). In that letter he mentioned that one bundle had already been sent, and 
another would follow. Lindley’s herbarium is now at Cambridge University (CGE) and still includes many 
Cunningham sheets. One of these is illustrated as Figure 6. The Lindley orchid herbarium was purchased by K 
in 1864, and Cunningham orchids cited by Lindley should be sought there. 
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Fig. 6. Isotype specimen of Ackama rosifolia A.Cunn. in the Lindley Herbarium, CGE: ‘Ackama rosaefolia C. 30 ft high. 

Hokianga R. New Zealand, 1826. A.C.’ 

Distribution to other botanists 1831-1837 

In writing to Candolle (A. Cunningham 1834a), Cunningham mentioned that he had also recently written to 
Carl Friedrich Philipp von Martius in Munich, to discuss the biogeography of Australian palms, and had sent 

him specimens of several species. Martius was later the recipient of parcels [‘bundles’] of specimens when 
Cunningham was dispersing his herbarium (A. Cunningham 1836a). Others mentioned in this distribution 
were Stefan F. L. Endlicher (Vienna), Dr Friedrich E. L. Fischer (St. Petersburg), David Don, Mr Ward [probably 
Nathaniel B. Ward, inventor of the Wardian case for transport of living plants on board ship], and ‘some 

private persons, not writers, but great lovers of botany. One of these ‘private persons' was probably John Smith 
(1798-1888), Foreman gardener at Kew 1823-1841 and Curator 1841-1864 (Desmond, 2007). Smith was 

sympathetic to Cunningham during the years 1832-1836, when, after the departure of Richard Cunningham 
for the post of Colonial Botanist in Sydney, Allan found that he was barred by Aiton from accessing living 
examples of the plants that he himself had introduced, and which he wished to send to Hooker in Glasgow 
for illustration in Curtis's Botanical Magazine. During this period, until Aiton relaxed his prohibition, Smith 
provided Cunningham with fresh samples from Kew. Smith’s herbarium, containing some Allan Cunningham 

original specimens, and others made from Cunningham’s living introductions to Kew, was purchased by BM 
in 1866 and these specimens bear a printed label: 

‘HERBARIUM OF JOHN SMITH / Curator of Royal Botanic Gardens, Kew, 1842-1862, PURCHASED 1866’ 
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Examples are Leucopogon ericoides (Sm.) R.Br., ‘A.Cunningham s.n., 1836’ (BM); Leucopogon cunninghamii 
R.Br. ex DC. (=Leucopogon affinis R.Br.), ‘A.Cunn. s.n., 1836’ (BM); Asplenium australasicum (J.Sm.) Hook., 
‘v.v. hort. Kew, 1840, ex A.Cunningham, 1824, same plant alive in 1852’ (BM) (Fig. 7); and Asplenium 
attenuatum R.Br., ‘New Holland, A. Cunningham s.n.’ (BM). Not all Smith material from Cunningham is in 
BM. An interesting exception is a specimen of Doodia maxima J. Sm. ex C. Chr. in K. This bears a Jenman-type 

semi-printed label (see below under ‘George Samuel Jenman and Thomas Moore’ and Figs 18 and 19) in which 
the printed section has been altered in manuscript to read 

‘EX HERB. / (ALLAN CUNNINGHAM) J. Smith’ 

and the manuscript provenance reads 

‘ex horto Kew. v.s. et viva. New South Wales, Fraser, 1825’. There is in addition another printed label ‘FERN 
HERBARIUM of the late R.HEWARD. / Presented by Mrs. MOORE, CHELSEA. / January, 1887.’ 

This seems to be a specimen collected by Smith from a plant grown in Kew from propagation material sent 
from New South Wales, by Fraser (?or Cunningham) and passed to Heward, and on his death to Mrs Moore 
(wife of Thomas Moore, see below under ‘George Samuel Jenman and Thomas Moore’), who donated it to 
Kew. 

Cunningham's Australian and New Zealand collections 1837-1839 

In a letter to Bentham (A. Cunningham 1836c) Cunningham noted that he was disposing of all of his herbarium 

‘it being my intention to reserve for my own reduced Herbm to carry out with me [to Sydney], simply one small 
example of each plant gathered in my wanderings by sea and Land in former years'. (A. Cunningham 1836c) 

Nevertheless his ‘Extra baggage’, not including cabin baggage, was still 

‘ten large cases' (A. Cunningham 1836a). 

For the first year (1837), he was unable to undertake any expeditions, as Governor Bourke refused to supply a 
horse. Cunningham made a few collections near Sydney, but resigned in December in disgust. He spent much 
of 1838 in New Zealand, where he made moderately large collections. In March 1839 Cunningham wrote to 
the Rev. J.S. Henslow, Regius Professor of Botany, University of Cambridge, to say that he was forwarding to 
him 

‘a parcel containing dried specimens of phanerogamous and Cryptogamous plants, sufficient to exhibit a fair 
example of the Botany of the Northern Island [of New Zealand] which I trust you will regard as worthy space in 
your herbarium (A. Cunningham 1839). 

There is only one other record of Cunningham sending material of this period to anyone, although he may 
have sent some (particularly cryptogams) to Hooker. In a letter to Heward of about May 1838, written from 
the Bay of Islands, New Zealand (A. Cunningham 1838) Cunningham described how he had travelled up the 
Wycaddy River with a party under the command of Captain Cecille (captain of the French ship L'Heroine in 

which he had travelled to New Zealand), spending three days felling trees for timber. Cunningham collected 
dried specimens of 18 species, of which he provided a set for Captain Cecille ‘with numbers corresponding with 
those blocks of timber, for his government'. These specimens and timber blocks may be in the Paris Herbarium 
(P.) A list of the specimens is given in Appendix 2. 

Cunningham's bequest 

When Cunningham died in Sydney on 27th June 1839, his estate was wound up by his executors Phillip Parker 
King and Robert Lethbridge. His personal effects were sold by auction on 3rd and 5th August. His collections 
and books, however, were left to his friend Robert Heward in Kensington, London, and King arranged for 
them to be shipped there immediately. These collections certainly included his ‘reduced Herbarium...of one 
small example of each plant gathered in my wanderings by sea and Land in former years' that he had mentioned 
to Bentham. In addition there were a few plants collected in the vicinity of Sydney 1837-1839, and a large 
collection of New Zealand plants collected April-October 1838. Cunningham would also have had in his 
possession his brother Richard’s herbarium, which he had inherited in 1835. In a letter to Hooker he spoke of 

his satisfaction in having the opportunity to visit Sydney and wind up his brother’s affairs personally 

‘...I have had the satisfaction of collecting, myself, my own & [?his various] packets...'. (Cunningham 1837) 
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Fig. 7. Specimen in BM of Asplenium australasicum (J.Sm.) Hook., from the herbarium of John Smith. This specimen 

seems to have been made from a cultivated plant in Kew, grown from material supplied by Cunningham in 1824, and is 

the Type of Neottopteris australasica J.Sm. 

Richard Cunningham would probably have taken to Sydney in 1832 some sort of reference set of Allan 
Cunningham’s collections. He himself collected in thecBlue Mountains’ (probably mainly on the Bathurst road), 
and more specifically in the Illawarra and Mt Tomah areas, and in New Zealand in 1834. Richard Cunningham, 
as Colonial Botanist, also accumulated specimens from other collectors, including James Anderson, William 
Baxter, Thomas Mitchell, Franz W. Sieber and others. This miscellaneous assemblage was sent to Heward in 
1839 and received by him in March 1840. 
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Robert Heward 

Robert Heward (1791-1877) was born in Kensington, London, and lived at 5 Young St for much of his life (‘M’ 
1877). He filled the post of garden clerk of the Horticultural Society of London (later the Royal Horticultural 
Society) in his early life, at first at Kensington and later at Chiswick. Later he was appointed Manager of a 
coffee plantation in Jamaica, a position he held for 5 years, during which time he assembled a large herbarium, 
particularly of ferns. In 1838 he published a paper on Jamaican ferns (Heward, 1838). On his return to London 
he became subeditor of the Westminster Review, and was assistant to Hansard in the preparation of the latter’s 
Parliamentary Debates. He was also a newspaper agent at Kensington, and held a position in the Australian 

Department at the Colonial Office from at least 1855 to 1876 (Heward 1855a, 1859; ‘M’ 1877). In 1845 he set 
himself up as an Agent, selling sets of herbarium specimens (including James Drummond specimens) and 
botanical books (Heward 1845). 

He developed a close relationship with Kew, and wrote a letter to the Times, pointing out the poor state of 
Kew Gardens (Hill 1934). According to Hill this letter was written in 1846, but it was probably in 1836, part 
of a larger campaign led by George Glenny of the Gardeners Gazette. The campaign led to an enquiry into the 

management of the gardens by a working party consisting of John Lindley, Professor of Botany at University 
College, London, and two gardeners, John Wilson and Joseph Paxton (Stearn 1965). Lindley’s report (Lindley 
1840) eventually led to transfer of control of Kew from the Lord Steward’s Department to Woods and Forests, 
and to the appointment of William Hooker as its director in 1840. 

Heward became a close friend of both Richard and Allan Cunningham. Allan Cunningham stayed with Heward 
in Kensington prior to his departure for Sydney in 1836. On Cunningham’s death, Heward wrote an extensive 
obituary/biography, based on Cunningham’s journals, and on letters from Cunningham to Heward. This was 
published in Hookers Journal of Botany and the London Journal of Botany (Heward 1842a, 1842b). Hooker 
financed publication of a reprint of this article, in book form with new pagination (Heward 1842c). Copies of 
the book survive in the libraries of Royal Botanic Gardens, Kew, and Royal Botanic Gardens, Sydney (Heward 
1842d). Heward died at Wokingham, Berkshire, on 24th October 1877, and was buried at Brompton Cemetery. 

One recipient of Cunningham material from Heward was the Swiss botanist Carl Daniel Friedrich Meisner. 
Meisner, then Professor of Botany at Basel, received one or possibly two parcels of Cunningham’s Australian 

specimens on the 4th and/or 9th September 1850, probably by purchase. Meisner’s herbarium was later bought 
by John H. Crooke and presented to Columbia University, from whence it was donated to New York Botanical 
Garden (NY). This herbarium contains many Cunningham specimens ex Meisner, some non-types: e.g .Acacia 
scapuliformis A.Cunn. (NY1688), Acacia verniciflua A.Cunn. (NY1704); and others type specimens: e.g. Pimelea 
paludosa var.foliosa Meisn. (NY1104578), Wikstroemia cunninghamii Meisn. (NY1104601), Grevillea ericifolia 
R.Br. (NY284613), and Persoonia cornifolia A.Cunn. ex R.Br. (NY284788), among many others. Meisner had 
also obtained Cunningham specimens from other sources, and these are now also in NY. For example, a type 
specimen of Persoonia marginata A.Cunn. ex R.Br. (NY4064), was obtained by Meisner ‘Comm, ab amic. de 

Martius 1850’ (Received from my friend von Martius, 1850), obviously one of the specimens Cunningham 
sent to von Martius in 1836 (see ‘Distribution to other botanists 1831-1837’, above). Meisner also received 
Cunningham specimens distributed by H.C. Watson (discussed further under ‘Robert Heward’). 

Heward wrote to Bentham on 9th December 1840 (Heward 1840b), sending him a set of Cunningham’s 1838 
New Zealand specimens. On 2nd February 1842 (Heward 1842e) he offered to send to Bentham on loan 
230-250 Cunningham specimens of ‘Mimosae’, and said that if Cunningham had not given Bentham a set 
of Leguminosae in 1836, he would be glad to give him a set in so far as his material allowed. On 8th February 
(Heward 1842f) he wrote again saying that instead of a selection of‘Mimosae’ he had decided to send the lot. 
He explained the numbering system as follows: 

‘The running numbers at the top of the tickets merely refer to a rough list that I made for my own convenience when 
I looked out the Acaciae from other portions of the herbarium, Cunningham's number and year of collection (when 
attainable) are on the left hand lower corner of the ticket (thus 167/1818)...' (Heward 1842f). 

Bentham was invited to retain duplicates where these existed(Fig. 8). In the last surviving letter from Heward to 

Bentham (Heward 1862) he stated that he was sending Bentham the only specimen he possessed of Pleiogyne, 
and that he was unable to find any material of Citriobatus. At the same time he offered to Bentham ‘...any 
or the whole of Cunningham's Australian collections...'. He reported that he now had the whole collection in 
Natural Orders and fastened down on paper, and that he had prepared labels bearing ‘... as far as his Lists and 
Journals would help me, the date of discovery and precise habitat of each specimen...'. 
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Fig. 8. Isotype specimen of Acacia asparagoides A.Cunn. in K: ‘Acacia asparagoides Cunn. Benth. Lond. Journ. Bot. 1: 

338. Regents Glen, Blue Mounts, Cunningham.’ The annotation ‘Heward 1842’ confirms that this specimen was part of 

Heward’s donation to Bentham of that date. 

In the meantime Heward had also been writing to Hooker on a range of matters. On 13th April 1840 he told 
Hooker that Cunningham’s specimens had arrived in good condition from Phillip Parker King the previous 
week (Heward 1840a). He expected Cunningham’s letters and Journals by the next ship. On 25th July 1840 
Heward sent Hooker a set of Cunningham’s 1838 New Zealand ferns (Heward 1840c). The flowering plants, 
along with mosses, lichens and a ‘Fucus followed on 8th December 1840 (Heward 1840d). Heward noted 
that he had put his own numbers on these specimens. On 26th December 1840 (Heward 1840e) he reported 
receiving some of Cunningham’s Journals (not all) and some manuscripts from Sydney. On 18th November 
1842 (Heward 1842g) he sent Hooker a New Zealand Asplenium collected by Richard Cunningham, and other 
Asplenium specimens from New South Wales, presumably collected by Mian Cunningham. Between 1842 
and 1846 Heward wrote frequently to Hooker, often commenting on Cunningham’s collections of various 
taxa: Oxalis, Clematis, Ixerba, Ranunculus, Pittosporum, Drimys, Myrsine, Metrosideros, but seems to have sent 
Hooker little in the way of specimens. On 27th May 1850 he noted (Heward 1850) that Hooker was gathering a 
collection of woods at Kew, and sent him all of Cunningham’s wood collection. The main part of Cunningham’s 
Australian collection was transferred in 130 cases to Kew in November 1862 (Heward 1862a) and the New 
Zealand (23 cases) and Norfolk Island collections (4 cases) in January 1863 (Heward 1863). Heward also sent 
to Kew miscellaneous Cunningham papers and effects, listed as follows: 

‘3 Vols of Journals [Now in the State Records Authority of New South Wales] 

Lists of Brazilian and New Zealand Plants [Still held in the Archives, Royal Botanic Gardens Kew] 

Botanical Mss [Still held in Kew, in part at least, some perhaps in the Mitchell Library, Sydney] 

Field Books [Now in the Mitchell Library, Sydney] 

Diplomas [Now in the Mitchell Library, Sydney] 

Browns ‘Botany’ in Flinders' Voyage - in Ms by A. Cunningham [Present whereabouts unknown] 

Browns Prodromus in M.S. (page for page) by Richd Cunningham [Now in the Mitchell Library, Sydney] 

Endlichers Prodromus Florae Norfolkicae (interleaved) [Still in the Library, Royal Botanic Gardens, Kew. This 
is puzzling. Although this interleaved book was given to Kew by Heward in 1863, it was again offered for 
sale to them by the bookseller William Wesley & Son in 1889 for £4, according to the file ‘Kew Herbarium 

Presentations to 1900’ in the Kew Archives]. 

The above are in one packing case. There are two other cases with Stems of Tree Ferns, Seed Vessels &c, and a 
bundle with Stems 

A painting of Doryanthes excelsa Corr. executed in New South Wales by Lewin the celebrated Bird painter. [Now 
in the Dixson Gallery, State Library of NSW] ’ (Heward 1863) 

Much of the above material was presented to the New South Wales Government by Kew, through the Colonial 
Office, in 1888-89 (Anonymous 1888-89). 
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Heward also sent to Hooker a list (table) of ‘...the entire amount of Allan Cunningham's collections in his various 
journeyings.This table (Heward 1862b), reproduced below, covers the period 1817 to 1830 only, and thus 
does not include his Brazilian collections, nor those of his return to Australia (and New Zealand) in 1837-1839. 

cCollections made by Allan Cunningham 1817 to 1830' 

Travels & Voyages Date No. of Spec"15 

Sydney, Parramatta &c Jany to March 1817 116 

Oxley's Expedition April -Sept 1817 418 

Captn King's 1st Voyage Decr 1817—July 1818 329 

lllawarra &c Oct.-Nov. 1818 228 

Tasmania Jany 1819 140 

Captn King's 2nd Voyage May 1819-Jany 1820 531 

Blue Mountains March 1820 15 

Captn King's 3rd Voyage July-Decr 1820 332 

Captn King's 4th Voyage May 1821-April 1822 395 

lllawarra &c Augst 1822 22 

Blue Mountns, Bathurst &c Oct. 1822-Jany 1823 250 

Do Do. Do. April—July 1823 70 

Argyle, Lake George &c April 1824 76 

lllawarra, Moreton Bay, &c Augl-Septr 1824 91 

Moreton Bay Octr-Decr 1824 32 

Liverpool Plain &c April—June 1825 130 

Wellington Valley &c Octr-Decr 1825 110 

New Zealand Augst 1826-Jany 1827 217 

lllawarra, Liverpool Plains, &c April-June 1827 92 

Moreton Bay & Country to NW July-Octr 1828 103 

Do. Do. Do. Do. May-Septr 1829 64 

Norfolk Island May-Septr 1830 66 

Total 3827 

Among these are 75 specimens from Timor & Mauritius' 

‘There are also several specimens without No. from Richd Cunningham, Fraser, Baxter & Captn Wakefield which 
will probably bring up the number to 4000.' (R. Heward, 3/11/62) 

Fig. 9. A typical set of labels from the Heward donation to K in 1862, on a specimen of Acacia quadrilateralis DC. The tag 

at left (‘arida, M. Bay, 156’ [M. Bay = Moreton Bay]) is Cunningham’s original shipping ticket; the printed label at the top 

was attached curatorially at Kew; the lower label was prepared by Heward from Cunningham’s notes, journal and other 

documents, the number 62 being Heward’s sorting mark: ‘62. Acacia pugioniformis Wendl. (A. quadrilateralis De Cand., - 

arida A.Cunn. Mss) Benth. in Lond. Jour. Bot. VI p. 341. Wend. diss. v. 9. Brisbane River, New South Wales, A.Cunningham 

Sept. 156/1828.’ 
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The Heward table seems to be an enumeration of Heward’s donation to Kew in 1862/1863, rather than the 
total numbers of Cunningham’s collections. This donation was acknowledged by Hooker (1863), who listed 
important accessions to the herbarium during the previous year, including 

'The Australian Herbarium of the late Allan Cunningham, Colonial Botanist, formed during thirty years of 
exploratory voyages and journeys through Australia. It includes his New Zealand, Timor and Norfolk Island 
plants, together with all his botanical Mss and journals, a most important contribution, presented by Robert 
Heward, Esq., F.L.S.' (Hooker 1863) 

Examples of the distinctive labels attached to the specimens comprising this donation are shown in figure. 
9. Kew attached a small printed label identifying the donation, and Heward provided manuscript labels, in 
which the Aiton/Banks shipping number was often displayed as the upper part of a fraction, the lower part 
being the date of collection. 

Linnean Society of London 

Allan Cunningham became a Fellow of the Linnean Society of London on 15th February 1832, and his Life 

Membership fee was refunded to him in recognition of his work in New South Wales. There is no record of 
him ever donating botanical specimens to the Linnean Society. However Robert Heward was also a Fellow, 
and between 1838 and 1841 he donated to the Society 

An extensive collection of dried plants found in New Zealand by the late Allan Cunningham, Esq., F.L.S.' 
(Transactions of the Linnean Society 18: 726 (1841), 

probably mainly the results of Cunningham’s 1838 expedition. Heward made at least two further donations 
of Cunningham material to the Linnean Society: during 1844-1846 

‘Dried specimens of Australian Myrtaceae, chiefly collected by the late Mr Allan Cunningham, F.L.S., Colonial 
Botanist, New South Wales.' (Transactions of the Linnean Society 20: 508 (1851); and in 1848-1852 

‘Dried specimens of Australian Leguminosae, including nearly 100 additional species of Acacia, collected by the 
late Allan Cunningham Esq., F.L.S.’ (Transactions of the Linnean Society 21: 349 (1855b) (Fig. 10). 

Other Fellows of the Linnean Society of London may also have donated Cunningham specimens to the 
Society. The Society had gradually accumulated donations of plant specimens over many years, but few were 
ever consulted. In 1863 it was resolved to dispose of uncurated herbarium specimens and they were sent for 
auction, but the ‘arranged’ Australian Herbarium (wherein lay the Cunningham specimens) was retained 

(Linnean Society Council Minutes, 5th March 1863). In 1915 the General Secretary of the Society pointed out 
that the Australian Collection was rarely consulted and lacked adequate cabinet storage. It was resolved to 
offer the collection to Mr J.H. Maiden, then curator of the National Herbarium of New South Wales (NSW), 

after the names had been verified by the Society’s Botanical Secretary, Dr Stapf (Linnean Society Council 
Minutes, 6th May 1915). Two cases of material were despatched to K, and their receipt acknowledged by Sir 
David Prain (Linnean Society Council Minutes, 3rd June 1915). The war seems to have aborted the planned 

Fig. 10. Label attached to a Cunningham sheet of Acacia calamifolia Sweet ex Lindl., now in K, but originally donated by 

Heward to the Linnean Society of London. This type of label, on bluish paper and attached with a pin, was apparently 

written by the curator of the Linnean Society collection (?Stapf), as similar labels appear on sheets of specimens from other 

collectors. The specimen is an isosyntype of Acacia pulverulenta A.Cunn. ex Benth. The label reads ‘Acacia pulverulenta 

A.Cun. mss (non Schldl.). Benth. No. 66. Mt. Flinders, Lachlan R.,N.S.Wales, June 1817/403, A.C. Presdby R. Heward Esq., 

F.L.S.’ The number 66 maybe Heward’s running number of his donation of Cunningham Acacia specimens to Bentham. 

The sheet bears a printed label (of the ‘Herbarium Kewensis’ type) documenting its donation from LINN to K in 1915. 
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despatch to New South Wales, and a decision was made to share the specimens between K and BM. The 
Accessions Register of the Natural History Museum records (DF413/19: 94,23rd October 1915): ‘163 specimens 
of Australian plants from the Council of the Linnean Society, through the Director, Royal Gardens, Kew.' A side 
note recorded: ‘i.e. Ranunculaceae-Rubiaceae selected from list\ A portion of the collection remained at K. In 
both BM and K the specimens received a small printed label, which exists in two forms: 

‘PRESENTED BYTHE LINNEAN SOCIETY 1915’ (BM) (Fig. 11) or‘HERBARIUM KEWENSIS/HERBARIUM 
AUSTRALIENSE./ Presented by the LINNEAN SOCIETY, 1915’ (IC) (Fig. 12). 

Not all of the ‘Australian Herbarium’ from the Linnean Society was from Cunningham. Other collectors 

represented were R.C. Gunn, A. Burnett, J.E. Ker, W. Stephenson, and others. Occasional sheets are found in 
Australian herbaria bearing these Linnean Society labels. Examples are Stenanthera pinifolia R.Br. collected 
by Stephenson (CANB) (see Orchard and Orchard, 2013), Boronia rubiginosa A.Cunn. ex Endl. collected by 
Cunningham s.n. (MEL2044562),Hovea heterophylla A.Cunn. ex Hook.f., A.Cunningham 269 (MEL2155858), 

and Hovea ramulosa A.Cunn. ex Lindl., A.Cunningham 35 (MEL2121334), but these all seem to be from 
relatively recent exchanges, mostly ex K. 

Natural History Museum (BM) distributions 

In the period 1976 to 1981 the BM sent to Australian government herbaria duplicate specimens made by 
early Australian collectors, including Banks and Solander, Robert Brown, R.C. Gunn and Allan and Richard 

Cunningham. The specimens in some cases bore only skeletal information, and collector and provenance 
is not always certain. However, of specimens definitely or probably attributable to Allan Cunningham, the 
National Herbarium of Victoria (MEL) received 1938 specimens; the National Herbarium of New South Wales 
(NSW) received 538 specimens; the Australian National Herbarium (CANB) received 385 specimens (Fig. 
13); the Queensland Herbarium (BRI) received 306 specimens; the Western Australian Herbarium (PERTH) 

received 231 specimens; and the State Herbarium of South Australia (AD) received 13 specimens. 

Other herbaria also received duplicate Cunningham material from BM. Brazilian Cunningham specimens in 
F, MO and B are mentioned above. Among Cunningham collections from Australia, the herbarium of New 
York Botanical Garden has at least two specimens which originated in BM, then were part of the herbarium of 
P.A. Fryxell, became part of the ARS herbarium in Texas, before being donated to NY in 1993: type specimens 
of Fugosia punctata A.Cunn. ex Benth., nom. illeg. (= Gossypium cunninghamii Tod.) (NY21163) and Sida 
subspicata F.Muell. ex Benth. (NY21255). Specimens in B, distributed from BM, include Hakea stenophylla 

A.Cunn. ex R.Br. (A.Cunningham 109, B10 0295503). Specimens in US, ex BM, include Acacia holosericea 
A.Cunn. ex G.Don (A.Cunningham 478, US1276688). Specimens in PH, ex BM, include Grevillea cunninghamii 
R.Br. (A.Cunningham 176, PH13094), and Acacia oleifolia A.Cunn. ex Loudon, nom. illeg. (= A. uncinata 

Lindl., A. Cunningham 426, PH 50147), both originally in the Herbarium, University of Pennsylvania, and 
obtained ‘From Sth. Kensington [i.e. BM] per J.M.M.’. 

Royal Botanic Gardens Kew (K) distributions 

In the years after 1840, Kew also distributed some historical Australian collections, including a few by Allan 
Cunningham. In NY a small number of specimens, ex herbarium John Torrey, were received from K. Some 
bear the Herbarium Benthamianum circular handstamp (for example, Ratonia tenax Benth. (=Toechima tenax 
(Benth.) Radik.), NY338016; Acacia siculiformis A.Cunn. ex Benth., NY1691), and seem to be originally from 

Hooker (see ‘New Holland. A.Cunningham, Hooker, 1835’ below). Others bear a manuscript ‘herb. Benth.’ 
(Grevillea rosmarinifolia A.Cunn., NY284702), or just ‘Kew distribution’ (Acacia cunninghamii Sweet (=A. 
trinervata Sieber ex DC.), NY1599). Kew also seems to have distributed similar specimens, ex herb. Hooker, 
ex herb. Bentham, to other herbaria, including MEL (e.g. Neoroepera banksii Benth., A.Cunningham 291, 

MEL515924). In some cases these distributions explain specimens missing from Kew. For example, in Olearia 
argophylla the Cunningham sheet in Kew has labels for two collections, but only one specimen. The missing 

specimen, with a duplicated label, is in MEL. A similar absence of a specimen of Ozothamnus diosmifolius 
in Kew is matched by another specimen in MEL, also received as exchange (see Appendix 1, under G-DC 68 
and 71). The Smithsonian Institution (US) was also a recipient of Cunningham specimens from Kew (e.g. 
Acacia neriifolia A.Cunn. ex Benth., A.Cunningham s.n., US813808). The Director, Kew, was the conduit for 
distribution of at least one Cunningham specimen from the herbarium of John Stuart Mill to PH (see below 
under H.C. Watson). 
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Fig. 11. Labels on a sheet of Acacia leucodendron A.Cunn. ex Benth. (BM796780), documenting a donation of two 

Cunningham fragments, a twig from the Shoalhaven River (Cunningham 47, May 1824), and a single leaf from the 

Hunter R. (Cunningham s.n., 1827), to the Linnean Society by Robert Heward, and the subsequent transfer to BM via K. 

The printed label ‘Presd. by the LINNEAN SOCIETY, 1915.’ is only found on sheets in BM. The other printed label ‘NEW 

SOUTH WALES / ALLAN CUNNINGHAM’ was applied routinely to Cunningham specimens by curatorial staff at BM, 

and was often annotated in ink with a brief collection locality and/or shipping number. 

II Kit BA MUM K RWEN SE, 

H ti 1UURIum Australiknbh, 

Presented hy the Linnean Society, 1915, 

Fig. 12. The second type of label documenting transfer of Cunningham (and other) specimens from the Linnean Society 

in 1915. Only found on K specimens. 

Ex Herbario Musei Britannici 

Angianthus cunninghamii (DC.) Benth. 

(Isotype of Skirrhophorus cunninghamii DC.) 

WESTERN AUSTRALIA: Dirk Hartogs Island. 

1822. 

Fig. 13. Label from a specimen of Angianthus cunninghamii (DC.) Benth. distributed from BM to CANB(436695) in the 

1970-1980s. 
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Reliquae Cunninghamianiae 

Another suite of Cunningham specimens has an uncertain origin. These sheets bear a small printed label ‘No. 
.../ Reliquiae Cunninghamianae / N.S.W. (interior), cir. 1836.’ to which a manuscript number and name is 
added. There is usually no other information. It seems that these specimens must be remnants of herbaria 
accumulated by Allan and Richard Cunningham, but which had long lost any definite dates or locality 
information, and which were the remnants (reliquiae) of the collection inherited by Heward (q.v.). As such, 
the specimens may have been collected by either Allan or Richard Cunningham, or by one of their associates or 
colleagues (e.g. Anderson, Fraser, Mitchell, Sieber, Baxter, etc). The numbers attached to these specimens seem 
to be unrelated to the Aiton/Banks shipping numbers, and to have been applied post facto. The source of these 
specimens was probably Heward, but the manuscript annotations are not by him. Alternatively they may have 
been one of Watsons distributions. An example of one of these specimens is of ‘Cassia nemophila (=Senna 
artemisioides (Gaudich. ex DC.) Randell), numbered 89, K, (Fig. 14) mounted with another specimen of the 
same species, collected by Cunningham (no. 180) in 1817 on the Lachlan River, and donated by Heward to the 
Linnean Society, and by them to Kew. 

v N\ S. W. (interior), cir. 183fi. 

Fig. 14. A ‘Reliquiae Cunninghamianiae’ label on a specimen of Senna artemisioides (Gaudich. ex DC.) Randell in K. 

New Holland. A. Cunningham, Hooker, 1835/1838 

A number of specimens in K, and a few elsewhere (NY, MEL), bear printed, unbordered labels inscribed ‘New 
Holland / A. Cunningham Hooker, 1835.’ These specimens seem to be from a secondary distribution, by 
Hooker to Bentham, of material he had received from Richard and Allan Cunningham from 1823-1832. There 

seem to have been two distributions, in 1835, and 1838 (date on labels changed in manuscript). The labels bear 
a determination, and/or locality, in manuscript, in a hand which seems to be Bentham’s, and most if not all 
have the circular handstamp of the Benthamian donation to Kew in 1854. For example, two specimens in NY 

bearing these labels (Ratonia tenax Benth. (=Toechima tenax (Benth.) Radik., NY 38016; Acacia siculiformis 
A.Cunn. ex Benth., NY 1691) also have the ‘Herbarium Benthamianum 1854’ circular handstamp, which 

indicates they were part of the Bentham donation to Kew, and also a boxed handstamp ‘Torrey Herbarium’. 
Their provenance therefore seems to be: Richard or Allan Cunningham to W.Hooker before 1832; distribution 

by Hooker to Bentham 1835 (the label on the Acacia sheet has been altered in mss to 1838); donation by 
Bentham to Kew 1854; distribution from Kew to the Torrey Herbarium; incorporation of Torrey herbarium in 

NY. In both of these cases the determination on the labels seems to be that of Bentham. An example from MEL 
is Ptilotus lanatus Moq. var lanatus (MEL1058713, ex herb. Bentham). There are also many of these labels on 
specimens still in K, including Acacia lanigera A.Cunn., Bathurst, (K, ex herb. Bentham). For an example, see 
figure 15. Similar labels are also known, inscribed ‘R.Cunningham’, and seem to be also part of a donation from 
Hooker to Bentham in 1838 (e.g. Acacia trinervata Sieber ex DC., R.Cunningham s.n., Mt Tomah, K, ex herb. 

Bentham). It is likely that the labels were printed by/for Bentham, as there are similar ones in his herbarium 
for specimens of, for example, Major Thomas Mitchell. 

Specimens distributed by H.C.Watson 

Hewitt Cottrell Watson (1804-1881) was the third of 10 children born to Holland Watson, Magistrate and 
Mayor of Congleton, Cheshire, and his wife Harriett (Anonymous 1839; Baker 1881; Meikle 1949; Egerton 
2003). Watson did not get on with his father and siblings, and family life was tense. He trained in law in 
Liverpool, but became interested in phrenology, leading to a study of medicine and natural history at 
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Fig. 15. A printed ‘New Holland. A. Cunningham’ generic label, on a specimen of Acacia acinacea Lindl. (K, ex herb. 

Bentham), apparently used by Bentham on specimens received from W.Hooker in 1835 and 1838. In this case, the 

specimen is a syntype of Acacia obliqua A.Cunn. ex Benth., nom. illeg. ‘W. banks of the Macquarie.’ 

Edinburgh University (1828-1832), but he left before taking a degree. Robert Graham, Professor of Botany at 

the University of Edinburgh (and a friend of Cunninghams) encouraged his interest in botany. His interest 
in phrenology led to him becoming editor of the Phrenological Journal (1837-1840). Watson’s main interest 
in botany was in plant biogeography, and he established the Vice-Comital system for recording distribution 

of British plants, often referred to as the Watsonian vice-counties system. At various times he applied for 
Chairs of Botany in Dublin and King’s College, London, but was unsuccessful. Of particular relevance here 
is his work in botanical exchange activities. Watson developed the concept of a national exchange club for 
botanical specimens, and when the Edinburgh Botanical Society inaugurated a system, Watson was a heavy 
user. Later, he became Vice-President of the London Botanical Society, and for several years from 1841 he ran 
their botanical exchange scheme (Egerton 2004). Among the specimens passing through his hands were some 
of Cunningham’s. In several herbaria (E, K, MEL, NY) are specimens bearing a printed, bordered label 

‘Collected in Australia, by ALLAN CUNNINGHAM, / ANDERSON and others. / No. (From H.C.Watson).’ 
(Fig. 16) 

Fig. 16. A printed label used by H.C.Watson to distribute specimens from Cunningham’s herbarium which had lost details 

of collector, date, and/or locality. These labels are to be found in several herbaria. 

The name of the taxon and a number are added in manuscript. These numbers seem to be Watson’s, perhaps 
from numbered sets of specimens offered for exchange: they are not Cunningham numbers. How Watson 
obtained these specimens is unknown, but the vagueness of the collecting information suggests that these 
might be the loose remnants of Cunningham’s bequest to Heward. The ‘others’ could include Richard 
Cunningham, Baxter, Fraser, Mitchell, and Sieber, all of whom are represented in Cunningham’s final 
herbarium. Examples of Cunningham specimens bearing these labels include Callistachys lanceolata Vent. 
(E); Gompholobium uncinatum A.Cunn. ex Benth. (E); Styphelia tubiflora Sm. (NY329061, ex herb. Meisner), 
Acacia conferta A.Cunn. ex. Benth. (NY1589, ex herb. Meisner) and Dillwynia sericea A.Cunn. (NY7713, ex 
Columbia University); Eremophila maculata (Ker Gawl.) F.Muell. subsp maculata, (MEL83912); Angophora 
hispida (Sm.) Blaxell, (MEL2114992) and Sprengelia incarnata Sm. (PH27594). Occasionally, as in the case of 
Daviesia genistifolia A.Cunn. ex Benth. (MEL80817), some of these specimens are also annotated ‘Mitchell’s 
Expedition of 1835’, i.e. the expedition on which Richard Cunningham was killed. These must be from Mian 

Cunningham’s bequest, and collected either by Richard Cunningham, or (perhaps) Mitchell, as confirmed by 
a specimen of Acacia calamifolia Sweet ex Lindl. in K, with the standard printed Heward presentation label for 
Cunningham specimens (Fig. 9) but with a manuscript label ‘Lachlan River, N.S.Wales, Mitchell’s Expedition, 
No. 109,1835.’ 

Watson’s specimens were often owned by several people before being lodged in an official herbarium. The 
major recipients are discussed below. 

r*«# A ks 

Collected in Australia, by Aw<AW Cunningham, 

Anderson and others. 

> No. (from H. C. IVatson.) 
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John Ball (1818-1889): Viminaria denudata (Vent.) Sm. (=Viminaria juncea (Schrad. & J.C.Wendl.) 
Hoffmanns.), distributed by Watson, and now in E, bears a printed label 

‘HERBARIUM OF JOHN BALL, F.R.S., / PRESENTED BY HIS TRUSTEES, 1891’. 

John Ball trained as a Barrister, but never practised. As Assistant Under-Secretary of State for the Colonies from 
1855, he facilitated W. Hooker’s plans to publish colonial floras. He was a member of the Botanical Society of 
London, and probably acquired his Cunningham specimens from Watson there (Herries Davies 2004). 

Richard Chandler Alexander (later Prior) (1809-1902): A specimen of ‘Adiantum affine Willd.’ in Kew bears 

a printed label 

‘From a collection of Ferns, made by one of the Cunninghams, in New Zealand and Norfolk Island. 
Communicated by Hewett Cottrell Watson, Esq., 1845 / BOTANICAL SOCIETY OF LONDON.’ 

The specimen also bears a printed label 

‘HERBARIUM KEWENSE. / EX LEGATO ALEXANDER PRIOR / MENSE APRILI, 1903.’ 

There is a duplicate of the above in K which has the ex Linnean Society label of 1915. Another specimen 
in K, of Blechnum minus (R.Br.) Ettingsh. from Wycaddy [River], New Zealand, A. Cunningham 182, 1838, 

bears similar Watson and Prior labels. Examples of these labels are shown in figure 17. Richard Alexander 
was trained as a physician but poor health led to him abandoning the profession, and studying botany and 

literature in semi-retirement until the end of his long life. In 1849 he inherited property and a private income 
on condition that he change his surname to his mother’s maiden name, Prior. His British herbarium was 
acquired by BM in 1930 as part of the C.E. Salmon herbarium, but his overseas herbarium of some 30,000 
specimens was deposited at Kew in 1903 (Natural History Museum 2014). 

HERBARIUM KEWENSE. 

EX LEGATO ALEXANDER PRIOR, 

Mense Aprili 1903. 
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Fig. 17. The Botanical Society of London label used by H.C. Watson to distribute Allan and Richard Cunningham’s ferns of 

New Zealand and Norfolk Island, usually without details of collection. Some of these specimens went to Alexander Prior, 

who left them to K. This pair of labels is on a specimen of Lastreopsis glabella (A.Cunn.) Tindale (held at K). 

Charles Morgan Lemann (1806-1852): Cunningham specimens in CGE, ex Watson, often bear a printed label 

‘Cambridge Botan. Museum / Herb. C.M.Lemann, M.D. / Presented by his directions in 1852 / Named and 
arranged by G.Bentham, 1853-1861.’ See, for example, Trachymene linearis Spreng. (=Platysace linearifolia 
(Cav.) C.Norman, and Trachymene ovalis DC. (=Trachymene lanceolata var. ovata (Labill.) Domin), both in 
CGE. Charles Lemann, M.D., F.L.S. formed a world-wide herbarium of about 30,000 specimens ‘from his liberal 
subscriptions to botanical collectors and the contributions of his friends' and from his own travels in Madeira, 
the Canaries and Spain. It was reported to be rich in Australian collections, among others. On his death the 
collection was bequeathed to Cambridge University, and curated by Bentham (Anonymous, 1853). 

John Miers (1789-1879): Another recipient of Cunningham material from Watson was John Miers. Miers 
was a botanist and engineer who travelled in South America (Chile, Argentina and Brazil) between 1818 and 
1838. On his return to England he published a number of major papers on South American botany (Allen 

2004). He received Cunningham specimens from Watson, perhaps via the exchange club, and they were later 
bequeathed to the Natural History Museum (BM). Examples are collections by Cunningham from Tasmania: 
Acacia ruscifolia A.Cunn. (=A. verticillata subsp. ruscifolia (A.Cunn. ex G.Don) Court), Acacia dependens 
A.Cunn. ex Benth., nom. illeg. (=A. mucronata subsp. dependens (Hook.f.) Court), Acacia diffusa Ker Gawl. 
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(=A. genistifolia Link), and Tasmannia aromatica R.Br. ex DC. (=T. lanceolata (Poir.) A.C.Sm.) all now in BM, 
which have a label 

‘HERB. JOHN MIERS -Bequeathed 1879’. 

He also received (or saw) the Brazilian specimen which became the type of Stipecoma parabolica Miers 
{-Peltastespeltatus (Veil.) Woodson), nowin BM (holotype) and MO (isotype). 

Schultz Bipontinus/Cosson: There are also Cunningham specimens in P, ex Watson: for example, Eurybia 
erubescens Sieber ex DC. (=Olearia erubescens (Sieber ex Spreng.) Dippel), ex Watson, ex herb. Schultz.Bip., ex 

herb. Cosson (P711290). Carl H. Schultz (known as ‘Bipontinus’) (1805-1867) was a botanist and physician 
resident in Miinchen and Deidesheim from 1829-1867. He specialised in studies of the Asteraceae, and 
obtained Cunningham specimens of this family from Watson. On his death Schultz’s Asteraceae collections 
were purchased by Ernest S-C. Cosson (1819-1889), and were presented (along with the rest of Cosson’s 
herbarium and library) to the Paris Museum by Cosson’s grandson, Dr. Durand, in 1904. (Stafleu and Cowan 

1976,1985) 

John Stuart Mill (1806-1873): In PH (26143) there is a specimen of Hymenophyllum flexuosum A.Cunn., a 
New Zealand species, with a handwritten label ‘No. 8. Cunningham’s Ferns of New Zealand & Norfolk Island.’ 
in a hand which is not Cunningham’s. Given the similarity in wording between this and other printed labels 
on specimens distributed by Watson (see ‘R.C. Alexander (later Prior)’ above) it is reasonable to assume that 
this specimen was also distributed by Watson. It is mounted on a sheet with another New Zealand collection 
by S.Chapman, associated with which is a printed label 

‘From the / HERBARIUM OF JOHN STUART MILL / PRESENTED BY MISS TAYLOR, THROUGH THE 

DIRECTOR OF THE ROYAL / GARDENS, KEW, 1876.’ 

John Mill, philosopher, political economist and civil servant, made many contributions to philosophy and 
social theory, and was the person who first developed the concept of falsifiability as a key component of the 
scientific method. He is not noted as a botanist, but was closely involved with the Bentham family, and on visits 
to Montpellier, France, developed a lifetime interest in collecting botanical specimens through the influence of 
George Bentham (Harris 2004). The ‘Miss Taylor’ of the label is Helen Taylor (1831-1907), his stepdaughter. 

Abel Aubert du Petit-Thouars 

There are a number of specimens in P with a printed label ‘Nvlle- Hollande. Mian Cunningham. Voyage de la 
Venus, 1839.’ The Venus was despatched from Brest in 1836 to report on the whale fisheries of the Pacific. 
The naturalist on board was Abel Aubert du Petit-Thouars (1793-1864). After travelling extensively around 
the Pacific, including South America, Kamchatka, Hawaii and Tahiti, the expedition called into Sydney on 
25th November 1838. At this time Cunningham had recently returned seriously ill from New Zealand and was 
recuperating with friends (almost certainly the Suttor family) in Elizabeth Street, Sydney. Cunningham had 

previously entertained visiting French naturalists, and it is likely he did the same on this occasion, although 
no documentation has been found. Some of the specimens ex Petit-Thouars are numbered (for example 
Gompholobium uncinatum A.Cunn. ex Benth., A.Cunningham 49, P3087446; Myoporumfloribundum A.Cunn. 
ex Benth., A.Cunningham 190, P720517), but these numbers seem to have been added de novo, and do not 
relate to Cunningham’s earlier shipping numbers. 

George Samuel Jenman and Thomas Moore 

George Samuel Jenman (1845-1902), a Kew-trained gardener and botanist, was Superintendent of Castleton 
Botanic Gardens, Jamaica (1873-79) and Government Botanist, British Guiana (1879-1902). He was 
particularly interested in ferns, and wrote extensively on Caribbean taxa. At some point he acquired a small 
set of Cunningham’s ferns, mostly from New Zealand. These sheets bear a private label on poor quality paper 
with a printed indicia 

‘EX HERB. / ALLAN CUNNINGHAM’ 

and manuscript details of collection and publication of the name. (Fig. 18). After being held by the Department 
of Agriculture, British Guiana, they were presented to Kew in 1934. Jenman’s main personal collections are 
held at NY, with replicates widely distributed. Jenman’s Cunningham specimens have only been seen in K, 
but may be distributed elsewhere. An example is Blechnum filiforme (A.Cunn.) Ettingh., ‘dry hills, Wangaroa, 
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HERBARIUM KEWENSE 

(Ex Herb. G. S. Jammu) 

t'mentrJ hy tht' Department of Agriculture, 

British Guiana, 1934. 

Fig. 18. The type of label apparently prepared by Robert Heward for Cunningham’s fern collection, some of which were 

used on specimens distributed to other collectors, such as G.S Jenman. Also shown is the label used to document receipt 

of Jenman’s herbarium by K. On a specimen of Davallia denticulata (Burm.f.) Mett. ex Kuhn, in K. 

Fern Herbarium op the bate R. HEWARD. 
Presented by Mbs. MOORE, Chelsea, 

Jatmary, 1887. 

XX HERE, 

ALLAN CUNNINGHAM* 

I 

Fig. 19. Heward label as in Fig. 18, together with the donation label of Mrs Moore, identifying the specimen as from 

Heward’s own herbarium. On a specimen of Pellaea falcata (R.Br.) Fee, in K. 

A.Cunningham s.n.’, K. How Jenman obtained these specimens is unknown, but it is possible that they came 
via Heward, another fern afficionado. In Kew there are a number of specimens, including Dicksonia lanata 
Colenso and Polystichum neozelandicum Fee from New Zealand, collected by Cunningham in 1838. Both bear 
the same kind of ‘Ex Herb. Allan Cunningham’ printed label as the Jenman specimens, but there is no British 
Guiana label. Instead there is a small printed label 

‘FERN HERBARIUM OF THE LATE R. HEWARD. / Presented by MRS. MOORE, CHELSEA, / January, 1887.’ 
(Fig. 19). 

The ‘Mrs Moore’ of this label is presumably the wife/widow of Thomas Moore (1821-1887), curator of the 
Society of Apothecaries Garden 1848-1887 (later renamed Chelsea Physic Garden). The Thomas Moore 
herbarium, in part, was purchased by Kew in 1885 (Desmond 2007). Moore was a specialist in ferns, and must 
have received all or part of Heward’s fern herbarium when the latter died in 1877. These ‘EX HERB. / ALLAN 
CUNNINGHAM’ labels, then, were probably produced by Heward. For additional information on the Moore 
herbarium see Johns (1991). 
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Cunningham's other collections 

Cunningham also collected geological specimens, insects, bird skins and other animals. The fate of these 
collections is more obscure (as are those of other early faunal collectors in Australia: see Fletcher, 1901), and 
has not been pursued by me to any great extent. These specimens were not covered by his contract with Banks 
and the Treasury, and he was free to dispose of them as he saw fit. 

Geological collections. Cunningham had a keen interest in geology and his Journals frequently refer to the 
geology of the country in which he was collecting. One of his major published papers was an account of the 
geology of the western side of the Dividing Range between Hunters River and Moreton Bay (Cunningham 

1834-1835). Some of the specimens he accumulated were donated to the Royal Geological Society, but their 
whereabouts is now unknown. Vallance observed 

‘Manuscript lists, now in the British Museum (Natural History), of specimens donated to the Geological Society 
of London bear witness to geological activity by Fraser and by his colleague on Oxley's 1817 venture Allan 
Cunningham [1791-1839], the eminent collector for the Royal Gardens at Kew. The specimens themselves must be 
presumed lost7 (Vallance 1986) 

Bird collections. While resident in London, Cunningham joined the Linnean Society (see above), and in the 
Transactions of that Society for 1833 (vol. 16, p. 794), a donation of‘Skins of 6 species of Birds from New 
Holland, by Allan Cunningham Esq. F.L.S.’ is recorded. The collections of the Society were disposed of by gift 
or sale (Fletcher 1901) about 1852-55. The fate of Cunningham’s specimens is unknown. 

In a letter to Heward, Cunningham mentioned that in his final visit to New Zealand he had obtained 

‘...a specimen of that rarest of all the birds of New Zealand, the Kiwi (Apteryx australis) which I shall forward 
home to Mr. Yarrell, for the Zoological Society.’ (Cunningham 1838) 

This was confirmed in a letter to Robert Brown: 

‘Whilst in New Zealand I obtained at some cost in money a live Apterae or Kiwi of the natives. I killed the bird, 
prepared the specimen of the skin & placed the body in a large jar in spirits. The former I sent to Mr. Yarrell for the 
Mus. of the Zoological Soc., the latter for Mr. Owen for dissection.' (Cunningham 1839) 

The Museum of the Zoological Society was closed in 1855, with Types being transferred to the BM. In addition 
the Trustees of the BM bought ‘a valuable series of specimens' for £500, while other specimens were bought by 
the Queens Colleges of Cork and Galway (£700), and smaller purchases were made by provincial museums 
and private individuals (Scherren 1905, p. 123). The ‘Mr. Owen’ referred to above was Richard Owen (1804- 
1892), a leading anatomist, perhaps most noted for his opposition to Darwin and the theory of evolution. 

He was also instrumental in development of the Natural History Museum (BM), and became its Curator of 
Natural History. He published two major papers on the anatomy of the Kiwi (Owen 1839,1840). Neither paper 
mentioned Cunningham, but that of 1840, written after Cunningham’s specimen would have arrived, mentions 
that it was based on a number of specimens, including two, either of which may have been Cunningham’s: 

‘...the abdominal viscera with the bones and tendons of the feet of a female Apteryx, were liberally presented to me 
by Dr. Logan, R.N., through the friendly intercession of Sir. Wm. Hooker. Subsequently I received the entire body of 
a male Apteryx, preserved in spirits, from my esteemed friend Mr. Geo. Bennett, of Sydney, N. S. Wales, a zealous 
and corresponding Member of the Zoological Society.’ (Owen 1840) 

Cunningham’s Kiwi, if it still survives, is probably in the collection of the BM. Cunningham himself wrote 
a short account (published posthumously) of the habits of the Kiwi, gleaned during his two visits to New 
Zealand in 1826 and 1838 (Cunningham 1840). 

Other vertebrates. When Cunningham arrived back in England in July 1831, he brought with him specimens 
of insects, animals and other natural history objects, which he immediately distributed to experts. In March of 
the following year J.E. Gray of the BM described three new animals from Australia, based on specimens sent to 
BM by Cunningham (Gray 1832). One of these, Cunningham’s Skink, Tiliqua cunninghami J.E.Gray, 1832 now 
Egernia cunninghami (J.E.Gray, 1832) was named in his honour, based on a specimen collected‘...in scrubby 
country in lat. 29°,.. .on his overland journey from Port Jackson towards Moreton Bay in the winter of 1827.’ 

The other lizard, the Eastern Stone Gecko, Diplodactylus vittatus J.E.Gray, 1832, was the first species of a new 
genus, and came from temperate eastern New Holland. The mammal was the first species to be described of 
the genus Pseudomys, P. australis J.E.Gray, 1832, collected from ‘swampy sandy grounds on the SW side of 
Liverpool Plains.’ The type specimens are preserved in the Natural History Museum, London (BM). 

Insect collections. Cunningham (1818) mentioned in a letter to Aiton that he had included insect specimens in 
his despatch by the Brig Kangaroo in March 1817. He did not mention to whom these were addressed. White 
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observed that 

‘The NW coast of New Holland has been but little investigated, and yet in the quarter the late Allan Cunningham 
gathered a rich harvest of rare and unknown species [of insects].’ White (1841, p. 455) 

Later, under Papilio liris Godart, 1819, he recorded that 

‘the whole of his [Cunningham’s] collection was bought by Mr Children, and many of the rare Lepidoptera in it 
were named by Mr. G.R.Gray [of the British Museum]’ (White 1841, p. 473) 

Fletcher (1901) also recorded that Cunningham’s insect collections were in the Children Collection. This 
collection was sold in 1840, and is now in the BM (Gunther 1978). In discussing Papilio liris, under the name 
Pachliopta liris (Godart, 1819), D’Abrera observed 

‘...The species itself is almost exclusively distributed among the islands of the Timor Sea. Waterhouse [What 
Butterfly is That? (1932)] tells of the specimens (now in the British Museum (Nat. Hist.) perhaps erroneously 
recorded as having been caught by Allan Cunningham over a hundred years ago in north-western Australia. 
Cunningham, he further tells us, also visited Timor on the same trip, and since then no further specimens have 
been recorded from Australia.' D’Abrera (1971, p. 78) 

Artefacts. Cunningham showed very little interest in collecting artefacts, with one major exception. In a letter 

to Aiton he reported: 

‘ Upon my return from New Zealand I brought to the Colony a model of the war Canoe of those islands, which 
was obtained for me by one of the Missionaries at Cook's Bay of Plenty on the East Coast of the Northern Island. 
Mentioning it last year in a letter to my Brother, he has in a late Communication suggested to me the propriety 
of sending it home to you, as it would prove an interesting subject for Virginia Water. On his recommendation 
therefore it has been packed within a Case 16 feet in length, and addressed to you on His Majesty's Service, [&] has 
been shipped on board the Ship Eliza commanded by Captain Leary, a Lieut, of the Royal Navy, who, having with 
great pleasure received the object of Curiosity, which may prove interesting to His Majesty, will be happy to convey 
it home free of cost, notwithstanding it has been entered on the Manifest.’ (Cunningham 1828a) 

The fate of this gift is not known. Virginia Water Lake is in Windsor Great Park, outside London. 

Conclusions 

Allan Cunningham was recognised by his contemporaries to be a collector of major importance, as he was the 
first botanist to visit much of the north and north-western coasts of Australia with King, he was the first to 
explore much of the dry country west of the ranges in New South Wales and south-eastern Queensland, and 
visited northern New Zealand on two occasions. European botanists and dilettante naturalists were therefore 
very keen to see and, if possible, possess, samples of his collections, and replicates and fragments were therefore 
rapidly and widely distributed, in some cases through several hands, as shown above. At a later date, the main 
repositories of his herbarium (BM and K) secondarily distributed replicates, most notably in a repatriation 
of specimens to Australia in the 1970s and early 1980s, but also to other herbaria in North America and 
Europe. Ordinarily this would not result in major repercussions for taxonomists, but in Cunningham’s case, 
his were often the first and/or the best examples collected of many species, and his collections became types 
for hundreds of names. Dispersal of replicates before, during and after description of his newly discovered taxa 
meant that the full suite of replicates relating to any one name were not often cited by those describing the 
taxa, and isotypes, syntypes and putative type specimens, numbering probably hundreds of specimens, still lie 
unrecognised in many herbaria. The recognition of replicates is complicated by the fact that data was often lost 
or mistakenly transcribed when collections were divided, and Cunningham’s shipping numbers were usually 
misinterpreted by taxonomists as unique collecting numbers, leading many to exclude as types duplicates in, 
for example, BM and K, because they bore different numbers to those in (particularly) G-DC. 

Examples of confusing numbering (taken from the table of Asteraceae in Appendix 1) include the following. 

The original Cunningham specimens of what is now Olearia pimeleoides from Peels Range were shipped to 
Aiton (K) and Banks (now BM) in 1817-1818 under the shipping number 333. In 1834 Cunningham sent a 

replicate of the same collection to Candolle in Geneva, renumbering it as no. 14. Candolle described the species 
as Eurybia pimeleoides, adopting Cunningham’s manuscript epithet. At some time, probably in the 1970s, the 
Natural History Museum (BM) sent a part of their collection to PERTH, but an error of transcription led 

to the PERTH specimen being numbered 33. Another replicate of this collection was also sent to PERTH, 
bearing the number 16, probably a private herbarium number applied by a temporary owner (Watson or 

one of his customers). In this case it is reasonable to interpret the G-DC collection (numbered 14) as the 
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holotype, and the BM and K specimens (numbered 333) plus the PERTH specimens (16 and 33) as isotypes. 
A different situation exists for Olearia ramulosa. In this case, it seems that Cunningham sent to K and BM at 
least two collections of his Aster sp.’, numbered 331 and 332. One came from the Vale of Clwydd, the other 
being more loosely described as from the ‘Country near Bathurst’. Two specimens in BM have been located, 
one bearing each number. None were located in K, but there may be material there that was overlooked. When 
Cunningham sent material to Candolle in 1834 he listed it as no. 16, and described the locality as the aggregate 
‘Vale of Clwyd[d] and Country near Bathurst’. Subsequently MEL received duplicates of both numbers 331 
and 332, probably from BM. In this case, it could be argued that the G-DC specimen is the holotype, and that 
MEL2164323, which has a label also describing the joint locality is an isotype, and because that specimen is 
numbered 331, then the BM specimen bearing number 331 is also an isotype. The BM and MEL specimens 
numbered 332 would then be non-type material. Alternatively it could be argued that all five specimens are 
syntypes, and that lectotypification is needed. Consideration of how such cases are to be resolved should only 
be made in the light of full knowledge of the identity, history, and location of all relevant specimens. This 
paper attempts to go some way towards making this data available for the Asteraceae described in Candolle’s 
Prodromus. For other groups, much more investigation will be needed. 
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Appendix 1. Asteraceae specimens sent to Candolle in 1834, for the Prodromus 

Cunningham sent two parcels of Asteraceae to Candolle from London in 1834, for inclusion in the latter’s 

Prodromus vol. 5. These specimens were taken from Cunningham’s residual herbarium brought back 
with him to London from Sydney. Replicates of these specimens had been despatched from Sydney some 
years previously to Aiton in Kew and Banks in Soho Square, with shipping numbers attached. However, 
for Candolle’s shipments, Cunningham numbered them anew, starting from 1. The first shipment, sent in 
January, was numbered 1-9, the second, sent in August, was numbered 10-143. The first list, with Candolle’s 
annotations, still exists in Geneve, while a portion of the second list (specimens 101 tol44) annotated by 
Candolle still exists in the British Library. These two documents, plus surviving specimens, make it possible 
to reconstruct much of the contents of the two consignments, and to match G-DC numbers with those in K 
and BM. This is important, because Candolle used Cunningham’s specimens to describe many new Australian 
Asteraceae. The G-DC specimens are holotypes for many of these names, but the K and BM replicates, bearing 
different shipping numbers, are often overlooked or disregarded, despite the fact that they are part of the same 
gathering, and thus isotypes. 

In the table below, the first column gives the numbers on specimens in the G-DC herbarium. Where images 
of these specimens were available on-line (http://www.ville-ge.ch/musinfo/bd/cjb/chg/index.php?lang=en) at 

the time of writing, the G-DC barcode number is provided. Where this was not the case, just the Cunningham 
number is given (barcodes are only added when specimen data are digitised). Some specimens are annotated 
‘specimen not located’. These specimens probably exist, but were not found during a brief visit to the Geneva 
herbarium in June 2012, and they are not currently listed on-line. Where specimens were not located, but 
data are available (Numbers 101-144) from the British Library list, this is provided in italics. In the second 
column, matching specimens, where known, in K, BM, MEL and other herbaria are listed by their original 
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shipping number (i.e. by the number under which they were sent to Aiton and Banks). In this column s.n. 

(sine numero) means that in these herbaria the specimens no longer retain this original shipping number. 
Note that the Cunningham shipping numbers often are written in pencil (sometimes faint), and in those labels 
prepared by Heward (K), he wrote over the pencilled annotations in ink, so that they are not always obvious. 
The pencilled numbers are usually in the form 46 314 (see type of Senecio anethifolius, K215103), of which 
the first seems to be a family number, and only the second is the shipping number. Alternatively, the shipping 
number may appear alone on a slitted tag attached originally to the stem of the specimen. In this column the 
herbarium sheet barcodes are given where they were available at the time of writing (e.g. K797532, in G-DC 1). 
Allocation of these barcodes is a work in progress, and many sheets presently lacking barcodes will be allocated 
one in future. Where no barcode is currently available, the sheets are cited as, for example, K, s.n. (see G-DC 
1). A query (?) in front of an entry in this column indicates doubt as to whether the specimen belongs in that 

place or not. Unless indicated otherwise, locality data matches that given in column 3 (i.e. that in G-DC). The 
third column contains an abbreviated collection locality, taken from the G-DC specimens. It may differ in 
wording slightly on specimens in BM, K and MEL etc (if significantly different this is noted), but will serve to 
establish general congruence. The fourth column is the date of collection, mainly as on G-DC specimens, but 
sometimes expanded from other replicates. The fifth column contains manuscript names found on the G-DC 
sheets, given in normal typeface, with spellings and authorities as written (but with ‘C.’ expanded to cCunn.’), 
usually in the order Cunningham field identification(s) / Candolle name. This is followed in bold typeface by 
the currently accepted name. 

Abbreviations: 

AC = Allan Cunningham 

H.K. = Hortus Kewensis 

herb. = (from the) herbarium (of) 

loc. = locality 

prob. = probably 

s.n. = sine numero (unnumbered) 

Shipping num¬ 
ber in G-DC 

Shipping number in K/ 
BM 

Locality (abbrevi¬ 
ated) 

Date Mss name(s) / current name 

1 - G-DC 

465707 

s.n. (K797532) 

169 (K797531) 

?s.n. (K s.n., herb. Lambert, 

herb. Bentham - dated 

Dec. 1822) 

169 (BM, s.n. - 'Bathurst, 

Nov. 1822.') 

169 (BM, s.n. - 'Bathurst, 

1822.') 

169 (BRI324529) 

? s.n. (P711313 - no AC 

label, but donated by 

Candolle in 1837) 

Limestone hills North 

of Bathurst 

Nov. 1822 Aster rosmarinifolius Cunn. / 

Olearia / Eurybia rosmarinifolia DC. 

/Olearia rosmarinifolia (DC.) 
Benth. 

2 - G-DC 

465663, 465665, 

& 465666 

s.n. (K, s.n.) 

s.n. (BM624781 - plus 

number 1757, not of AC) 

141 (BM, s.n.) 

141 (BRI AQ0249741 - 

'Sep. 1828.' No loc.) 

Bog, Western shore 

of Stradbroke Island, 

Moreton Bay 

Sep. 1828 Aster hygrophilus Cunn. / 

Eurybia hygrophila DC. / Olearia 
hygrophila (DC.) Benth. 

3-G-DC 

465673 

35 (K, s.n. , herb. Hooker) 

s.n. (BM, s.n. -'Aster 

lepidophyllus, 1827.') 

35 (BRI270332) 

35 (CANB436694, ex BM) 

North of Dumaresq's 

River 

June 1827 Aster lepidophyllus / Eurybia 

ramosissima DC. / Olearia 
ramosissima (DC.) Benth. 
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4-G-DC 

465669 

Base of a Pine 

(Callitris) range, North 

of the Cugeegang 

[=Cugeegong] River 

May 1829 Aster sp. / Eurybia tenuifolia DC. / 

Olearia tenuifolia (DC.) Benth. 

5-G-DC 

465648 

s.n. (K, s.n., herb. Hooker- 

'Argyle & Camden') 

31 (MEL2162739 - 'South 

of Lake George, 1818 [sic 

- AC was at L. George in 

1824 only].) 

Marshy lands on 

plains immediately 

on the South of Lake 

George 

Apr. 1824 Aster rutaeodorus Cunn. / 

Eurybia glandulosa DC. / Olearia 
glandulosa (Labill.) Benth. 

6-G-DC 

465661 

148 (K797528, dated Nov. 

1822) 

148 (BM, s.n., dated 1822) 

Mountainous country 

North of Bathurst 

Sep. 1822 (in 

G-DC). This date 

is erroneous. 

Cunningham only 

left Parramatta 

late Sep. and was 

N of Bathurst in 

Nov. 

Aster chrysophylla / Eurybia 

chrysophylla DC. / Olearia 
chrysophylla (DC.) Benth. 

7-G-DC s.n. Southern districts of 

the Colony of New 

South Wales 

Apr. 1825 Cassinia sp. / Cassinia cunninghamii 

DC. / Cassinia aculeata (Labill.) 
R.Br. 

8-G-DC s.n. 25 (K, s.n. - note by 

Cunningham 'Sent to De 

Candolle Mar. 1834, who 

however would give no 

opinion as to the genus. 

No. 8 DeC list') 

25 BRI245701 

25 MEL1 56271 5 

South of Lake George Apr. 1824 Anthemidiae / Steiroglossa rigidula 

DC. / Brachyscome rigidula (DC.) 
G.L.Davis 

9 - specimen not 

located 

s.n. (K, s.n. - Lake George, 

'Sent to D.C. No. 9, 

unnamed') 

66 (K, s.n., Cugeegong R., 

May 1823 - 'No. 9 sent 

Dec.' 

Plains S. of Lake 

George; also N. of 

the Cugeegong River, 

a tributary of the 

Macquarie River. 

Apr. 1824 (Lake 

George); also May 

1823(Cugeegong 

River) 

Calotis / Calotis lappulacea Benth. 

10-G-DC s.n. 44 (CANB452107, ex BM) 
* * * 

On the grassy banks 

of the Hastings River, 

Port Macquarie 

May 1818 Centaurea riparia Cunn. / 

Centratherum riparium (A.Cunn. 
ex DC.) A.R.Bean 

11 - specimen 

not located 

12 -G-DC 

495246 

97 (K768779, also 

numbered 2) 

s.n. (K768780) 

s.n. (MEL233259- 'KGS 

near the Tone River' no 

date.) 

Oyster Harbour, King 

Georges Sound 

25 Jan. 1818 Celmisia spathulata Cunn. / 

Trichocline spathulata (A.Cunn. 
ex DC.) J.H.Willis 

13-G-DC 

465670 

330 (K, s.n.) 

330 (BRI249952 - 'Elstons 

Plains, 1817.') 

Barren scrubs near 

Bathurst 

13 Apr. 1817 Aster sp. (Spongotrichum) / Eurybia 

tenuifolia var. bathurstiana DC. / 

Olearia tenuifolia (DC.) Benth. 

14-G-DC 

465689 

s.n. (K, s.n., herb. Hooker- 

Peel's Range 20 June) 

333 (K, s.n.) 

333 (BM, s.n.) 

33 [sic] (PERTH872962) 

16 (PERTH874523 - '16' is 

prob. not an AC no.) 

Sterile brushy country 

near Peel's Range 

20 June 1817 Aster pimeleoides Cunn. / Eurybia 

pimeleoides DC. / Olearia 
pimeleoides (DC.) Benth. 

15-G-DC 

465652 

334 (K838974 

334 (BM, s.n.) 

Sterile country SW of 

the Lachlan River 

19 May 1817 Aster decurrens Cunn. / Eurybia 

decurrens DC. / Olearia decurrens 
(DC.) Benth. 
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16-G-DC 

494297 

331 (BM, s.n. - 'Olearia 

ramulosa, A.Cunningham 

331, 1817.') 

331 (MEL2164323A - 

'Colony & Vale of Clwydd, 

11 Apr. 1817.') 

? 332 (BM, s.n. - 'Olearia 

ramulosa, A.Cunningham 

332, 1817.') 

? 332 (MEL2164323B) 

Vale of Clwyd and 

Country near Bathurst 

Apr. 1817 Aster sp. / Olearia ramulosa DC. / 

Olearia ramulosa (Labill.) Benth. 

17-G-DC 

494301 

Western branches of 

Hunters River 

Apr. 1825 Aster sp. / Olearia ramulosa DC. / 

Olearia ramulosa (Labill.) Benth. 

18-G-DC 

465645 

Brushy forests North 

side of Liverpool Plains 

July 1827 Aster propinquus Cunn. / Eurybia 

propinqua DC. / Olearia sp. 

19-G-DC 

465601 

279 (K890267) 

s.n. (K, s.n., herb. Hooker 

- labelled 'Brunsk Bay' the 

generalised loc. for Prince 

Regents River) 

279 (BM, s.n. - 'Brunswick 

Bay, 1820.') 

Prince Regents River Oct. 1820 Aster? macrorrhizus / Eurybiopsis 

macrorhiza DC. / Minuria 
macrorhiza (DC.) Lander 

20-G-DC 

494557 

Valley of Wangaroa, 

New Zealand 

Nov. 1826 Aster? / Vittadinia australis Richard / 

Vittadinia australis A.Rich. 

21 -G-DC 

494563 

s.n. (K, s.n., alluvial flats, 

Lachlan River, 27 Apr. 1817) 

2328 (BM, s.n.) 

Grassy flats, Lachlan 

River 

Apr. 1817 Vittadinia cuneata DC. / Vittadinia 
cuneata DC. 

22 - G-DC 

494564 

327 (K, s.n.) 

327 (CANB237086 - 

fragment from K specimen) 

327 (BM, s.n.) 

327 (CANB4521 10 & 

237086, ex BM) 

Dry barren tracts. 

Lachlan River 

26 Apr. 1817 Vittadinia cuneata DC. / Vittadinia 
cuneata DC. 

23 - G-DC 

495945 

326 (K, s.n., herb. Hooker) 

s.n. (K, s.n., herb. Hooker, 

named FI. Australiense) 

326 (K, s.n., herb. 

Bentham) 

326 (MEL1 506708- 

without loc. or date.) 

Lachlan River 27 Apr. 1817 Minuria leptophylla DC. / Minuria 
leptophylla DC. 

24-G-DC 

495946 

s.n. (K, s.n., herb. Hooker, 

labelled 'Aster sp., 15 Ap.' 

& mounted with the above. 

325 (K, s.n., dated 15 Apr. 

1817) 

Rocky hills, Lachlan 

River 

15 Apr. 1817 Minuria tenuissima DC. / Minuria 
leptophylla DC. 

25-G-DC s.n. 269 (K890329, herb. 

Hooker) 

s.n. (K890330, 'Aster, 

E.C. Tr.', mounted with 

K890329) 

269 (BM, s.n.) 

Cleveland Bay 14 June 1819 Aster? / Vittadinia scabra DC. 

/ Peripleura scabra (DC.) 
G.L.Nesom 

26-G-DC s.n. 55 (K, s.n.) 

s.n. (BM, s.n.) 

s.n. (MEL 2164154) 

Hobart Town, Van 

Diemens Land 

Jan. 1819 Eurybia viscosa Cass. / Olearia 
viscosa (Labill.) Benth. 
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27-G-DC 

494308 

159 (BM, s.n. - 'Verge 
of Mt. Range above Five 
Islands, 1818.' 

? s.n. (BM, s.n. - 'Aster 
ellipticus, Colony, 1819', 
mounted on same sheet as 
above.) 

Shaded dry woods, 
mountain range, 
lllawarra 

1824 Aster (Haxtonia) ellipticus Cunn. 
/ Olearia elliptica DC. / Olearia 
elliptica DC. 

28-G-DC 

465630 

s.n. (K, s.n.) 

97 (BM, s.n. - 
'Neighbourhood of Five 
Islands, 1818.') 

97 (BM, s.n. - 'Colony, 
1819.') 

97 (CANB452109, ex BM - 
'Five Islands, 1818.') 

? 98 (K910510 p.p., Oct. 
1818) 

See also G-DC 68. 

Shaded woods, 
Mountain at the 
lllawarra District 

Aster (Haxtonia) argophyllus Cunn. 
/ Eurybia argophylla (Labill.) Cass. 
/ Olearia argophylla (Labill.) 
F.Muell. ex Benth. 

29 - specimen 
not located 

30-G-DC 

465681 

440 (possibly a Fraser no.) 
(K) 

East coast of the 
Northern Island, New 
Zealand 

Oct. 1826 Eurybia cydoniaefolia DC. / Olearia 
cydoniifolia (DC.) Benth. This is 
an Australian species. There is a 
note by J.D.Hooker on a K sheet 
that Cunningham saw only Fraser's 
Australian specimens. 

31 -G-DC 

465690 

On the immediate 
banks of rivers, New 
Zealand 

Nov. 1826 Aster elaeagnifolius Cunn. / Eurybia 
furfuracea DC. / Olearia furfuracea 
(A.Rich.) Hook.f. 

32, but also 
marked 57, from 
Aiton / Banks list 
-G-DC 

465714 

s.n. (K) 

s.n. (MEL2280137) 

Aiton/Banks shipping list 
gives 57 

Mt Wellington, Van 
Diemen's Land 

8 Jan. 1819 Aster ledifolius Cunn. / Eurybia 
hakeaefolia DC. / Olearia ledifolia 
(DC.) Benth. 

33 - G-DC 

465691 

? s.n. (K - 'beneath large 
rocks, Cox's Pass', but 
dated Sep. 1817) 

Stony hills, Blue 
Mountains 

Apr. 1817 Aster (Haxtonia) berberifolius Cunn. 
/ Eurybia erubescens DC. / Olearia 
erubescens (Sieber ex Spreng.) 
Dippel 

34-G-DC 

494281 

s.n. (K797576 - the '4' on 
the label is the sp. no. in 
Candolle's Prodromus) 

s.n. (K s.n., herb. Hooker) 

Campbell Cataracts, 
Blue Mountains 

1820 Aster (Haxtonia) sinuatus Cunn. / 
Olearia quercifolia DC. / Olearia 
quercifolia Sieber ex DC. 

35-G-DC 

465683 

Elevated brushy 
country North of 
Bathurst 

Nov. 1822 Aster (Haxtonia) ilicifolius Cunn. / 
Eurybia erubescens var. ilicifolia DC. 
/ Olearia erubescens (Sieber ex 
Spreng.) Dippel 

36-G-DC s.n. King George Sound Dec. 1821 Helichrysum asteroides DC. / 
Ixiolaena viscosa Benth. 

37-G-DC 

465713 

s.n. (K838955 - the '25' on 
the label is the sp. no. in 
Candolle's Prodromus) 

99 (BM, s.n.) 

Lagoon, King Georges 
Sound 

24 Jan. 1818 Aster elaeophilus Cunn. / Eurybia 
elaeophila DC. / Olearia elaeophila 
(DC.) Benth. 

38-G-DC 47 (K, s.n. - dated 12 May- Wet plains, Lachlan July 1817 Therogeron integerrima DC. / 

494642 
July 1817) 

s.n. (K, s.n., herb. Hooker, 
locality 'L.R.') 

River Minuria integerrima (DC.) Benth. 
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39-G-DC 

494643 

s.n. (K, s.n., 2 specimens, 

herb. Hooker) 

? s.n. (K, s.n., but dated 

Feb. 1817 in error - 

Cunningham was in 

Parramatta in Feb.) 

Molles Plains, Lachlan 

River 

4 July 1817 Therogeron denticulatum DC. / 

Minuria denticulata (DC.) Benth. 

40-G-DC 

454048 

s.n. (K, s.n. - Peel's Range, 

19 June 1817) 

316 (K, s.n. - brushy arid 

country on Lachlan River, 

mounted with the above) 

s.n. (K, s.n, herb. Hooker- 

near Peel's Range) 

? 50 (MEL21 57054- 

'Interior, 1817.' 

335 (MEL22791 13 - 'Rocky 

hills, Peels Range, 1817.' 

Also has no. 51, not of AC.) 

Interior of New South 

Wales (Peels Range 

etc) 

June 1817 Calotis dilatata DC. /Calotis 
cuneifolia R.Br. 

41 -G-DC 

454034 

337 (K882172 

337 (MEL220761) 

337 (BRI10104) 

Shaded rocky spots, 

Peels Range, interior 

of New South Wales 

11 June 1817 Brachycome ciliaris Cunn.? / Beilis 

ciliaris Labill. / Brachycome multifida 

DC. / Brachyscome multifida DC. 

42 - G-DC 

454021 

2338 (BM, s.n., filed as B. 

marginata) 

?with 338 (BM, s.n., filed as 

B. multifida) 

Swampy ground, 

Sidmouth Valley near 

Bathurst 

Apr. 1817 Brachycome heterodonta DC. / 

Brachyscome dentata Gaudich. 

43 - G-DC 

454015 

47 (K, s.n.) 

7339 (BM, s.n., but dated 

1824)) 

Smith's Plains, Lachlan 

River 

25 June 1817 Brachycome scapiformis DC. 

/ Brachyscome spathulatus 
Gaudich. 

44-G-DC 

454025 

Wet plains on Lachlan 

River 

10 May 1817 Brachycome heterodonta DC. / 

Brachyscome dentata Gaudich. 

45-G-DC 

454047 

58 (MEL2035078) 

58 (K, s.n.) 

? s.n. (K, s.n. - 'Goulburn 

Plains, April 1824 [sic].' 

Dry gravelly downs, 

Goulburn Plains 

May 1824 Brachycome? angustifolia Cunn. / 

Brachyscome graminea (Labill.) 
F.Muell. 

46 - specimen 

not located 

47 - specimen 

not located 

48 - specimen 

not located 

49-G-DC s.n. s.n. (K, s.n.) King Georges Sound 1829, Coll. 

J.B.Wilson 

Anthemideae / Steiroglossa 

chamomillaefolia DC. / aff. 
Brachyscome iberidifolia Benth. 

50-G-DC 

497947 

Barren hills, Lachlan 

River 

Apr. 1817 Minuria tenuissima DC. / Minuria 
leptophylla DC. 

51 - 

G-DC 214749 

s.n. (K, s.n., herb. Hooker- 

'E.C.Tr.' [East Coast Tropics] 

s.n. (K373282- 'Lockyers 

Creek, Brisbane River'.) s.n. 

(BM, s.n. - 'Moreton Bay, 

1829.') 

s.n. (BM, s.n. - 'Lockyers 

Creek falling into the 

Brisbane, July 1829.') 

37 (BRI AQ0270493) 

37 (MEL2165584) 

37 (MEL2165130) 

Brisbane River, 

Moreton Bay 

July 1829 Baccharideae / Conyza / Pluchea 

/Tessaria / Monenteles globiferus 

DC. / Pterocaulon sphacelatum 
(Labill.) F.Muell. 
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52 -G-DC s.n. s.n. (K373284.) Cape Cleveland 14 June 1829 Baccharideae / Pluchea / Monenteles 

intermedius DC. / Pterocaulon 
sphacelatum (Labill.) F.Muell. 

53-G-DC s.n. s.n. (K, s.n.) 

s.n. (K, s.n., herb. Hooker.) 

Alligator Rivers, Van 

Diemens Gulf 

8 May 1818 Sphaeranthoides / ?Pluchea 

/ Sphaeranthus glaber DC. / 

Sphaeranthus africanus L. 

54-G-DC s.n. 122 (K, s.n.) 

s.n. (K, s.n., herb. Hooker) 

122 (BM, s.n.) 

Enderby Island, 

Dampiers Archipelago 

Feb. 1818 Sphaeranthoides / Pluchea / Tessaria 

/ Monenteles sphaeranthoides DC. 

/ Pterocaulon sphaeranthoides 
(DC.) F.Muell. 

55 - specimen 

not located 

56-G-DC 

456547 

261 (BM, s.n.) Vicinity of Cape 

Cleveland 

15 June 1819 Bidens / Glossogyne pedunculosa 

DC. / Glossocardia bidens (Retz.) 
Veldkamp 

57-G-DC 

135234 

244 (BM820300) 

s.n. (K, s.n.) 

244 (K, s.n.) 

244 (MEL2104980) 

Cliffy shores, Islands of 

the North Coast of Aus¬ 

tralia [Palm Bay, Crockers 

Island] 

15 Apr. 1818 Verbesina radula / Wollastonia procumbens 

DC. / Acunniana procumbens (DC.) 
Orchard 

58-G-DC 

455078 

304 (BM, s.n.) 

304 (K, s.n.) 

Barren stony spots, Islands 

of the North Coast of 

Australia [South Goulburn 

Island] 

Apr. 1818 Wedelia sp.? / Wollastonia insularis DC. / 

Wollastonia biflora (L.) DC. 

59-G-DC 

134413 

184 (BM820301) 

s.n. (K, s.n.) 

Grassy rocky spots, Goul¬ 

burn Island 

28 Mar. 1818 Verbesina sp. / Blainvillea cunning- 
hamii (DC.) Orchard 

60 - specimen not 

located 

61 - specimen not 

located 

62-G-DC s.n. s.n. (K, s.n.) 

? s.n. (K, s.n., herb. Bentham 

- printed label 'New Holland, 

A.Cunningham, Hooker, 1835.') 

s.n. (K, s.n., herb. Hooker - Note 

by AC 'Appears to be Cassinia 

of Br. in H.K., not Linn. Tr. which 

gives way to Wendland's name 

of Angianthus. Frequent on 

D.H.I. [Dirk Hartog Island]') 

288 (BM, s.n.) 

288 (CANB436695 , ex BM) 

288 (PERTH2793547) 

Dirk Hartogs Island Jan. 1822 Angianthus / ?Cassinia aurea R.Br. / Skir- 

rhophorus cunninghamii DC. / Angiant¬ 
hus cunninghamii (DC.) Benth. 

63 - G-DC s.n., and 

an unnumbered 

duplicate in G 

(222921) 

13 (K357092) 

16 (MEL1582698) 

16 (MEL1582699) 

s.n. (MEL1582833) 

16 (BRI370507) 

Summit of Mount Dangar 

on the Goulburn River 

16 May 1825 Cassinia aculeata R.Br. / Cassinia cun¬ 
ninghamii DC. 
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64-G-DC s.n. 15 (K357433) 

? 58 (MEL221269-'Liverpool 

Plains, 1825.') 

? 58 (MEL1583046 - 

'N.S.Wales, May 1825.')) 

s.n. (CANB452106, ex BM - 

'Western skirts of Liverpool 

Plains, 1817' date in error. AC 

only visited Liverpool Plains in 

1825.) 

Northwestern margins of 

Liverpool Plains 

May 1825 Cassinia laevis R.Br. / Cassinia laevis 
R.Br. 

65-G-DC s.n. 287 (K357432) Country to the SW of the 

Lachlan River 

23 May & 20 June 

1817 

Cassinia rosmarinifolia Cunn. / Cassinia 
laevis 

66 - G-DC s.n. 288 (K, s.n.) 

? s.n. (MEL1582750) 

Waterfall at Mt Lachlan, 

West from Bathurst 

Apr. 1817 Cassinia hydrophila Cunn. / Cassinia 

hygrophila Cunn. / Cassinia quinque- 
faria R.Br. 

67-G-DC s.n. 95 (K357148 & 357149 

95 (MEL221362) 

Western side of Liverpool 

Plains 

May 1825 Cassinia uncata Cunn. / Cassinia un- 
cata A.Cunn. ex DC. 

68-G-DC s.n. 102 (K910510 p.p., 1818). 

The Kew specimen label 

cites 2 collection numbers, 

but there is only 1 speci¬ 

men. A note by Burbidge 

that the K specimen is not 

a duplicate of that in G-DC 

seems in error. 

102 (MEL720752A, 

720753A -'lllawarra, 30 

Oct. 1818.') 

98 (BM, s.n. - 'Olearia 

viscidula, Near Five Islands, 

1818.') 

102 (BRI370530 - no loc., 

Oct. 1818.) 

See also G-DC 28. 

lllawarra District near 

Port Jackson 
Oct. 1818 Cassinia argophylla Cunn. / Ozo- 

thamnus argophyllus (A.Cunn. ex 
DC.) Anderb. 

69-G-DC s.n. 9 (K910470) 

9 (BRI266037) 

Twofold Bay Dec. 1817 Cassinia obovata Cunn. / Ozotham- 
nus obcordatus DC. 

70-G-DC s.n. 134 (K357162) Cap Hill, lllawarra 

District 

Oct. 1818 Cassinia berberifolia Cunn. / Cas¬ 
sinia denticulata R.Br. 

71 - G-DC s.n. ? 293 (K910495 - Bathurst, 

Apr. 1817. Another label 

on the same sheet, AC 298, 

1 day N of Lachlan River, 

4 Aug. 1817, lacks a cor¬ 

responding specimen) 

298 (MEL 0720708A, 'be¬ 

tween Lachlan & Macquarie 

Rivers, 4 Aug. 1817.') 

North of Bathurst and 

on banks of Lachlan 

River 

4 Aug. 1817 

(This date on the 

G-DC specimen 

must relate to 

the Lachlan River 

collection.) 

Ozothamnus ericifolius Cunn. / Ozo- 
thamnus diosmifolius (Vent.) DC. 

72 - G-DC s.n. 301 (K899463) King Georges Sound Jan. 1822 Siloxerus humifusus Labill. / Silox- 
erus humifusus Labill. 

73 - specimen 

not located 

74- G-DC 

465642 

150 (BM, s.n., - filed as Ole¬ 

aria axillaris F.Muell.) 

Enderby's Island, 

Dampier Archipelago 

1818 Eurybia dampieri DC. / Olearia sp. 

75 - specimen 

not located 

76 - specimen 

not located 
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77-G-DC s.n. 290 (K, s.n., as H. gracile 

DC.) 

s.n. (K, s.n., as H. ramosum 

DC.) 

Both specimens in K a good 

match for that in G-DC. 

s.n. (MEL2280150) 

s.n. (PERTH1064150) 

King Georges Sound - [1821] Gnaphalieae / Helichrysum ramosum 

DC. / Pithocarpa ramosa (DC.) 
Schmidt-Leb. & R.L.Barrett 

78-G-DC s.n. s.n. (K910468) Hastings River, Port 

Macquarie 

1819 Gnaphalieae / Helichrysum obova- 

tum DC. / Ozothamnus obovatus 
(DC.) Anderb. 

79 - specimen 

not located 

* * 

80 - specimen 

not located 

81 -G-DC s.n. s.n. (K910502) King George Sound 1818 Gnaphalium / Helichrysum cordatum 

DC. / Pithocarpa cordata (DC.) 
Schmidt-Leb. & R.L.Barrett 

82 - specimen 

not located 

83 - specimen 

not located 

84 - specimen 

not located 

85 - specimen 

not located 

86 - specimen 

not located 

87 - specimen 

not located 

88 - specimen 

not located 

89-G-DC s.n. ? 112(K899131) 

267 (BRI AQ0594208) 

267 (MEL1 585998) 

267 (CANB436696, ex BM) 

267 (PERTH 1064169-also 

with no. 119.) 

Cape Cleveland 16 June 1819 Gnaphalium / Helichrysum rupicola 

DC. / Coronidium rupicola (DC.) 
Paul G. Wilson 

90-G-DC s.n. s.n. (K9977 & 9978 - at 

Endeavour River only) 

[?1]20(K, s.n. -'Port 

Bowen.') 

Endeavour River & 

Port Bowen [both 

localities on specimen 

in G-DC] 

1820 Gnaphalium / Helichrysum collinum 

DC. / Coronidium rupicola (DC.) 
Paul G. Wilson 

90/2-G-DC s.n. Wangaroa, New 

Zealand 

Nov. 1826 Gnaphalium lanatum Forst. / 

Gnaphalium cunninghamii DC. / 

Euchiton involucratus (G.Forst.) 
Holub 

91 - G-DC s.n. s.n. (BM, s.n. - 'King 

Georges Sound, Voyage of 

Bathurst, 1821-22.') ‘ 

King Georges Sound Jan. 1822 Leptorhynchos medius Cunn. / Lep- 
torhynchos scaber (Benth.) Haegi 

92 - G-DC s.n. Vicinity of Bathurst Oct. 1822 Leptorhynchos elongatus DC. / Lep¬ 
torhynchos elongatus DC. 

93 - G-DC s.n. s.n. (MEL248341 - 'Tas¬ 

mania') 

Hobart Town, Van 

Diemens Land 

1819 Leptorhynchos squamatus Less. / 

Leptorhynchos squamatus (La- 
bill.) Less. 

94 - specimen 

not located 
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95-G-DC s.n. Near Bathurst 1822 Leptorhynchos hemisphaericus 

DC. / Leptorhynchos squamatus 
(Labill.) Less. 

96 - specimen 

not located 

97-G-DC s.n. s.n. (K, s.n. - 'Craspedia, 

banks of creeks, Cow Pas¬ 

tures, Campden.') 

19 (K, s.n. - 'grassy 

situations on the banks 

of creeks, Camden.' Also 

numbered 128, prob. not 

by AC.) 

Grassy spots, banks 

of creeks, near Port 

Jackson 

Apr. 1824 Gnaphalium / Helichrysum rutidol- 

epis DC. / Coronidium scorpioides 
(Labill.) Paul G. Wilson 

98 - specimen 

not located 

99-G-DC 

457409 

468 (K, s.n.) 

468 (BM, s.n.) 

Port Keats 7 Sep. 1819 Erigeron? / Blumea integrifolia DC. / 

Blumea integrifolia DC. 

100-G-DC 

457434 

s.n. (K, s.n. - 2 specimens, 

dated 28 Sep. and Oct. 

1820, mounted on one 

sheet.) 

280 (BM, s.n. - 'Brunswick 

Bay, 1820.' 

280 (MEL544150-'Re¬ 

gents River, Oct. 1820.') 

280 (PERTH2793520) 

[Prince] Regents River 1820 Erigeron? / Blumea cunninghamii 

DC. / Blumea axillaris (Lam.) DC. 
or Blumea mollis (D.Don) Merr. 

101 - Specimen 

not located 

s.n. (K, s.n., herb. Hooker) 

s.n. (BM, s.n.) 

A remarkable pigmy 
plant on Mo lies 
Plain, Lachlan R. 

July 1817 Pteropogon pygmaeum DC. / 

Rhodanthe pygmaea (DC.) Paul 
G. Wilson 

102 -G-DC s.n. 64 (K910438 - label refers 

to R.Cunningham collns 

also) 

lokianga [=Hokianga] 

River, New Zealand 

Sep. 1826 Cassinia retorta Cunn. /Ozo- 
thamnus leptophyllus (G.Forst.) 
Breitw. & J.M.Ward 

103 -G-DC s.n. 61 (K910476) 

s.n. (MEL2280137) 

Mount Wellington 

near Hobart Town 

Jan. 1819 Cassinia ledifolia Cunn. / Ozotham- 
nus ledifolius (A.Cunn. ex DC.) 
Hook.f. 

104-G-DC s.n. 60 (K910462) 

135 (MEL2164872 - 'A 

shrub of stunted growth on 

the rocky face of Mt Wel¬ 

lington.') 

s.n. (MEL2280136 - 'In 

insula Van Diemen.') 

Mount Wellington 

near Hobart Town 

Jan. 1819 Cassinia cuneifolia Cunn. /Ozo- 
thamnus rodwayi Orchard 

105 - specimen 

not located 

62 (K, s.n., Jan. 1819. 

Sheet also bears no. 136, 

prob. not of AC.) 

A glutinous shrub 
on Mount Welling¬ 
ton near Hobart 
Town 

1819 Baccharideae / Baccharis? lepido- 
phylla DC. /Ozothamnus hookeri 
Sond. 

106 - specimen 

not located 

s.n. (K, s.n., herb. Hooker 

- 'Glen Finlass and again in 

gullies of Macq. R..') 

s.n. (K, s.n. - 'Glen Finlass 

& in other ravines of the 

Macquarie River.') 

309 (BM, s.n.) 

309 (MEL109106 - 'New 

South Wales, 1817.' Also 

bears no. 138, prob. not 

of AC.) 

Ravines on the Mac¬ 
quarie River 

1817 Helichrysum linifolium Cunn./ 
Helichrysum anthemoides Sieb. / 

Rhodanthe anthemoides (Sieber 
ex Spreng.) Paul G. Wilson 
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107 - specimen 

not located 

368 (K899196) 

368 (BM, s.n., but 'Molles 

Plains.') 

Peel's Range, Inte¬ 
rior 

1817 Helichrysum floribundum Cunn. 
/ Helichrysum floribundum DC. / 
Rhodanthe floribunda (A.Cunn. 
ex DC.) Paul G. Wilson 

108 - specimen 

not located 

304 (K899429) 

s.n. (K899430) 

304 (BM, s.n.) 

s.n. (AD 140446)) 

Molle's Plains, Lach¬ 
lan River 

1817 Helichrysum molle Cunn. / He¬ 
lichrysum molle DC. / Leucochry- 
sum molle (A.Cunn. ex DC.) Paul 
G. Wilson 

109 - specimen 

not located 

141 (K, s.n.) 

s.n. (K, s.n., herb. Hooker- 

'Pipers Hill, L.R.') 

302 (BM, s.n. - 'Lachlan 

River, July 1817.') 

302 (BM, s.n. -'Lachlan 

River, 1817.') 

302 (MEL2280263 - 'Lach¬ 

lan River, 1817.') 

302 (BRI354809) 

Hills on the Lachlan 
River, outer squa¬ 
mae of involucre 
often tinted with a 
reddish brown 

- [30 July 1817] Helichrysum bicolorum Cunn./ 
Helichrysum bicolorum DC. / Leu- 
cochrysum albicans var. tricolor 
(DC.) Paul G. Wilson 

110 - specimen 

not located 

301 (K, s.n.) 

s.n. (K, s.n., herb. Hooker- 

'Elichrysum albicans, Bath1 

PlnV) 

301 (NSW584687 -'Cox's 

River.') 

301 (BRI248831 - 

'Bathurst, Apr. 1817.') 

Field's Geog. Mem. 
[Blue Mountains to 

north of Bathurst] 

[13 Apr.] 1824 Helichrysum albicans Cunn. / He¬ 
lichrysum albicans DC. non Sieb. / 

Leucochrysum albicans (A.Cunn.) 
Paul G. Wilson 

111 -G-DC s.n. 116 (K, s.n. - also num¬ 

bered 143, prob. not by 

AC). 

116 (MEL2155723) 

116 (BRI248182) 

Macquarie Harbour, 

Van Diemen's Land 

Jan. 1819 Helichrysum dealbatum Labill./Ar- 
gentipallium dealbatum (Labill.) 
Paul G.Wilson 

112 - G-DC s.n. s.n. (K, s.n. - Macquarie 

Harbour, 11 Jan. 1819). 

144 (MEL2160116A-'Tas¬ 

mania.') 

Macquarie Harbour Jan. 1819 Helichrysum scorpioides Labill. / 

Coronidium scorpioides (Labill.) 
Paul G. Wilson 

113 - G-DC s.n. 68 (K899093 - It is not 

clear from the label wheth¬ 

er this specimen is from 

AC's 1826 trip, or from 

R.Cunningham, 1834, or 

Colenso, 1839. It matches 

the G-DC specimen fairly 

well.) 

Open fern lands, New 

Zealand 

1826 Helichrysum micranthum Cunn. / 

Anaphalioides trinervis (G.Forst.) 
Anderb. 

114 - specimen 

not located 

114 (K, s.n. - 'South Coast, 

Australia, W. Baxter' with 

AC tag '114, 1829' 

A curious & very dis¬ 
tinct specs. So. coast 
Austr. Gul. Baxter 

1829 Helichrysum baxteri Cunn. / He¬ 
lichrysum baxteri DC./Chryso- 
cephalum baxteri (A.Cunn. ex 
DC.) Anderb. 

115 - G-DC s.n. s.n. (K, s.n., herb. Hooker 

- 'Elichrysum, S. of the 

Colony.') 

16 (CANB436697, ex BM) 

Coast near Port 

Jackson 

1817 Helichrysum elatum Cunn. / Coro¬ 
nidium elatum (A.Cunn. ex DC.) 
Paul G. Wilson 



The dispersal of Allan Cunningham's collections Telopea 17: 43-86, 2014 83 

116- G-DC s.n. s.n. (K, s.n., mounted with 

a Fraser and a Riley speci¬ 

men) 

266 (BRI AQ0594207 - 

'Rodds Bay, 1819.' 

266 (CANB4636693, ex 

BM) 

? s.n. (MEL2161006 & 

2162188, without date or 

loc., may belong here) 

Rodds Bay May 1819 Helichrysum lanuginosum Cunn. 

/ Coronidium lanuginosum 
(A.Cunn. ex DC.) Paul G. Wilson 

117- G-DC 

328465 

265 (K8991 19) Endeavour River July 1819 Helichrysum banksii Cunn. / ?Xe- 
rochrysum bracteatum (Vent.) 
Tzvelev 

118 - specimen 

not located 

s.n. (K, s.n., herb. Hooker.) 

305 (K899178 - also with 

'151', prob. not of AC) 

Molle's Plains, Lach¬ 
lan River 

[4 Jul.] 1817 Helichrysum polygalifolia Cunn. 
/ Helichrysum polygalifolia DC. / 
Rhodanthe polygalifolia (A.Cunn. 
ex DC.) Paul G. Wilson 

119 - specimen 

not located 

Peel's Range, Inte¬ 
rior in Long. 146°E 

1817 Helichrysum diffusum Cunn. / 
Helichrysum diffusum DC. / Rho¬ 
danthe diffusa (A.Cunn. ex DC.) 
Paul G. Wilson 

120 - specimen 

not located 

300 (K, s.n., herb. Bentham 

- Western side of the Blue 

Mountains, 11 Apr. 1817) 

300 (MEL61351 - 

'N.S.Wales, 1817.') 

Bathurst Helichrysum, closely allied to 
chrysanthum / H. bracteatum? / 
H. viscosum DC. H. viscosum Sieb. 
/ Bracteantha viscosa (Sieber ex 
DC.) Anderb. & Haegi 

121 -G-DC 

328540 

Moreton Bay Oct. 1824 Helichrysum macrocephalum Cunn. / 

Helichrysum macrocephalum DC. 
/ Gnaphalium macrocephalum 
(DC.) Sch.Bip. 

122 - G-DC s.n. 297 (K, s.n. - also with 

number '156 DC.') 

s.n. (K, s.n., herb. Hooker 

- 'Podolepis rugata, K.G.S.') 

297 (BM, s.n.) 

King Georges Sound Jan. 1822 Podolepis rugata Labill. / Podolepis 
rugata Labill. 

123 - specimen 

not located 

32 (K, s.n. - 'Podolepis acu¬ 

minata Br, in Hort. Kew., 

Plains at Bathurst', no date) 

? 320 (BM, s.n. - 'Vale of 

Clwyd near Bathurst.') 

320 (MEL716196 - no loc., 

'1817.') 

New South Wales 1817 Podolepis acuminata Brown in 
Hort. Kew. / Podolepis acuminata 
DC. / Podolepis jaceoides (Sims) 
Voss 

124 - G-DC s.n. s.n. (K899335) 

s.n. (BM, s.n. - 'Moreton 

Bay' without date or no.) 

s.n. (BRI AQ0354841) 

s.n. (MEL2280269 & 

2280270) 

Moreton Bay Oct. 1824 Podolepis longipedata Cunn. / 

Podolepis longipedata A.Cunn. 
ex DC. 

125-G-DC s.n. 299 (K, s.n.) 

299 (BM, s.n.) 

299 (MEL696453 - 'Dirk 

Hartogs.') 

Dirk Hartogs Island Jan. 1822 Podolepis gracilis Graham / Podol¬ 
epis gracilis (Lehm.) Graham 
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126 - specimen 

not located 

s.n. (K, s.n. - 'Lachlan River, 

29 Apr. 1817.' 

? s.n. (MEL2160879- 'New 

South Wales' no date. May 

belong here or in the next 

collection.) 

Lachlan River 1817 Podolepis inundata Cunn. / Po- 
dolepis inundata DC. / Podolepis 
canescens A.Cunn. ex DC. 

127 -G-DC s.n. 

[photo of 

this sheet in 

MEL2280347] 

s.n. (K, s.n. -'Hills near 

Crokers Range West from 

Wellington Valley, Nov. 

1825.') 

s.n. (BM, s.n. - 'Hills near 

Crokers Range, 1825.' Two 

sheets.) 

s.n. (BM, s.n. -'Crokers 

Range, Nov. 1825.' Also no. 

1763, not by AC.) 

39 (MEL696480- 'Crokers 

Range, 1825.')) 

39 (BRI354837 - 'Crokers 

Range, Nov. 1825.') 

West from Wellington 

Valley 

Nov. 1825 Podolepis canescens Cunn. / Podol¬ 
epis canescens A.Cunn. ex DC. 

128-G-DC s.n. s.n. (K901800, herb. Ben- 

tham, annotated 'herb DC. 

1837') 

s.n. (K901801, dated Jan. 

1822) 

300 (BM, s.n.) 

Dirk Hartogs Island Jan. 1822 Podolepis divaricata Cunn. / Gne- 
phosis tenuissima Cass. 

129-G-DC 

495611 

Close forests on the 

banks of Rivers Cowa- 

Cowa etc. 

1826 Brachyglottis repanda Forst. / 

Brachyglottis repanda J.R.Forst. 
& G.Forst. 

130 - G-DC s.n. s.n. (K, s.n.) 

s.n. (CANB473095, ex K) 

? 310 (MEL1551059A - 

'Bathurst, Macquarie River, 

15 Apr. 1817.') 

Lake George Apr. 1824 Senecio / Senecio georgianus DC. / 

Senecio georgianus DC. 

Avec 130-G-DC 

s.n. 

23 (K, s.n.) Lake George - Senecio cunninghamii DC. / Senecio 
cunninghamii DC. 

131 -G-DC s.n. 24 (K, s.n. - also numbered 

169) 

Swampy plains on the 

south of Lake George 

Apr. 1824 Senecio / Senecio ciliolatus DC. / 

Senecio ciliolatus DC. 

132 - G-DC s.n. s.n. (K, s.n., herb. Hooker 

- 'with the Trachymene of 

Erin Head.') 

183 (K, s.n. - 'Rocky hills 

N. of Bathurst.', also num¬ 

bered 188) 

183 (BM, s.n.) 

183 (MEL2168946- 'North 

from Bathurst, 1822.' Also 

bears no. 170, prob. not 

of AC.) 

North of Bathurst Nov. 1822 Senecio velleioides Cunn. / Senecio 
velleioides A.Cunn. ex DC. 

133 - G-DC s.n. 113 (K, s.n.) 

s.n. (K, s.n.) 

Sandy ridges on the 

shores of Macquarie 

Harbour 

Jan. 1819 Senecio otiphyllus Cunn. / Senecio 
odoratus Hornem. 

134-G-DC s.n. 61 (K852315) South from Lake 

George 

1824 Senecio / Erichtites glabrescens DC. 

/ Senecio glabrescens (DC.) Sch. 
Bip. 

135 - G-DC s.n. 102 (K, s.n.) Vicinity of Bathurst Oct. 1822 Senecio / Erichtites bathurstiana DC. 

/ Senecio bathurstianus (DC.) Sch. 
Bip. 
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136 - specimen 

not located 

314 (K215103) 

314 (BM, s.n.) 

314 (MEL2280349-photo) 

Peel's Range, Inte¬ 
rior 

1817 Senecio anethifolius Cunn. / Se- 
necio anethifolius DC. / Senecio 
anethifolius A.Cunn. ex DC. 

137 - specimen 

not located 

317 (K215101) 

317 (MEL2279258 -photo 

of K sheet) 

Peel's Range 1817 Senecio / Senecio platylepis DC. / 
Senecio platylepis DC. 

138 - specimen 

not located 

311 (K, s.n.) 

s.n. (K, s.n., herb. Hooker) 

Molle's Plains, Lach¬ 
lan River 

[3 July] 1817 Senecio othonnaeoides Cunn. 
non Sieb. / Elachothamnus cun- 
ninghami / Minuria cunninghamii 
(DC.) Benth. 

139-G-DC s.n. 293 (K852259) Summit of Bald Head, 

King Georges Sound 

Jan. 1822 Senecio / Senecio ramosissimus DC. 

/Senecio ramosissimus DC. 

140 - specimen 

not located 

63 (K, s.n.) Mount Wellington 
V. D. Land 

8 Jan. 1819 Senecio sp. / Senecio rupicola 
Rich. / Senecio pinnatifolius 
A.Rich. 

141 - specimen 

not located 

61 (MEL22775 - 'Macleys 

Plains' no date.) 

Lachlan River 1817 Senecio glandulosus Cunn. / 

Erechtites glandulosa DC. / Sene¬ 
cio campylocarpus I.Thomps. 

142 - specimen 

not located 

315 (K, s.n. - also has later 

inked '185'.) 

315 (BM, s.n.) 

Lachlan River 1817 Senecio / Senecio brachylaenus 
DC. / ?Senecio sp. aff. cunning¬ 
hamii 

143 - specimen 

not located 

318 (K, s.n.) 

318 (BM, s.n.) 

Macquarie River 
near Bathurst 

[15 Apr.] 1817 Senecio / Senecio macquarien- 
sis DC. / Senecio pinnatifolius 
A.Rich. 

144 - G-DC s.n. s.n. (K, s.n. - 'Crepis, 

Bathurst country, Nov. 

1822'). 

s.n. (K, s.n., herb. Hooker 

'A & E' det. Holzapfel) 

Country around 

Bathurst 

1822 Crepis? / Picris angustifolia subsp. 
carolorum-henricorum (Lack) 
Holzapfel 

Unnumbered 

G-DC 465625 

s.n. (K, s.n.) Shipping list 

gives 119 (The 9 on the K 

label is a species no. from 

Candolle's Prodromus).) 

Summit of Mt. Wel¬ 

lington, Van Diemens 

Land 

[8] Jan. 1819 Aster (Haptonia) persoonioides 

Cunn. / Olearia persoonioides 
(DC.) Benth. 

Unnumbered 

G-DC 

495217 

s.n. (K, s.n., herb. Hooker 

- 'Arctotis gnaphalioides, 

perm1 bogs Blue Mts.') 

s.n. (K, s.n., herb. Hooker- 

'Adenostyleae, bogs, Blue 

Mountains.') 

? s.n. (MEL47454 - no loc. 

or date.) 

Elevated boggy 

grounds on the Blue 

Mountains 

Apr. 1817 Celmisia longifolia Cass. / Celmisia 
longifolia Cass. 

Unnumbered 

G-DC 

494290 

Port Jackson Aster aculeatus Labill. / Olearia 

aculeata DC. / Olearia ramulosa 
(Labill.) Benth. 

Unnumbered 

G-DC 

s.n. (K, s.n. - 'Lachlan River, 

22 July 1817.') 

Wet plains Lachlan 

River. 

July 1817 Steiroglossa humilis DC. / 

Brachyscome diversifolia (Gra¬ 
ham ex Hook.) Fischer & C.Meyer 

Unnumbered 

G-DC 

s.n. (K, s.n., herb. Hooker- 

'Molle's Plains.') 

? 345 (K882912 - 'Molles 

Plains, 10 July 1817', det B. 

leptocarpa by Short.) 

Wet plains, Lachlan 

River, 29 July 1817 

Also, Molle's Plains, 

Lachlan River, 10 July 

1817 

10 & 29 July 1817 Steiroglossa lineariloba DC. / 

Brachyscome lineariloba (DC.) 
Druce 

* The Types of Steiroglossa humilis DC. (Brachyscome diversifolia (Graham ex Hook.) Fisch. & C.A Meyer var. diversifolia) 
and Steiroglossa lineariloba DC. (Brachyscome lineariloba (DC.) Druce) listed as Unnumbered above, may be two of the missing 

numbers 46-48 in G-DC. 

** One of the missing ‘Gnaphalium/Helichrysum' specimens in G-DC (79, 80, 82-88) is probably Helichrysum ciliatum var. 
cunninghamii DC. a name of uncertain application, of which an isotype exists in K (s.n., no shipping no.) 'Open plains, Bathurst, 15 

Apr. 1817'. 
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*** There must be two sheets of Centratherum riparium in G. The one seen by me had a number (10) and date. That cited by 

Bean (2009) did not, but was clearly part of the same gathering. No Cunningham collections of this plant were found in BM or K, but 

there is a specimen with the Aiton/Brown shipping number 44 in CANB, received from BM. 

**** podolepis gracilis/canescens. The sheet MEL696453 has been tentatively identified as P canescens rather than P gracilis. 
It bears two Cunningham numbers 298 and 299. Only the latter has been associated with a Podolepis species. The tag for 298 

probably belonged to a specimen of Ozothamnus diosmifolius, since removed. 

Appendix 2. 

Specimens collected on the Wycaddie River, Bay of Islands, May 1838, in company with Captain Cecille of 
VHeroine. A set of these specimens was presented to Captain Cecille ‘for his government’. Cunningham had 
finished writing his Flora of New Zealand just before leaving England in 1836, and was thus fully informed on 
then-current names of New Zealand plants. 

Number and Cunningham's manuscript name Current name 

1. Knightia excelsa R.Br. (in fruit) Knightia excelsa R.Br. 

2. Leiospermum racemosum D.Don Weinmannia racemosa L.f. 

3. Myrtus bullata Sol. Lophomyrtus bullata (Sol. ex A.Cunn.)Burret 

4. Cyathea dealbata Sw. Cyathea dealbata (G.Forst.) Sw. 

5. Metrosideros robusta A.Cunn. Metrosideros robusta A.Cunn. 

6. Hartighsia spectabilis A.Juss. Dysoxylum spectabile (G.Forst.) Hook.f. 

7. Dacrydium cupressinum Sol. Dacrydium cupressinum Lamb. 

8. Dracophyllum latifolium A.Cunn. Dracophyllum latifolium A.Cunn. 

9. Vitex littoralis A.Cunn. Vitex lucens Kirk 

10. Drimys axillaris Forst. [Myrsine salicina Hew.] Name in 

square brackets inserted by Heward. 

Pseudowintera axillaris (J.R.Forst. & G.Forst) Dandy, or more 

likely, Myrsine salicina Heward ex Hook.f. 

11. Podocarpus totarra D.Don Podocarpus totara G.Benn. ex D.Don 

12. P. ferruginea D.Don Prumnopitys ferruginea (D.Don) de Laub. 

13. Phyllocladus trichomanoides D.Don Phyllocladus trichomanoides D.Don 

14. Piper excelsum D.Don Piper excelsum Forst.f. 

15. Dacrydium excelsum D.Don Dacrycarpus dacrydioides (A.Rich.) de Laub. 

16. Laurus Taraira A.Cunn. Beilschmiedia tarairi (A.Cunn.) Benth. & Hook.f. ex Kirk 

17. Laurelia novae-zelandiae R.Cunn. mss Laurelia novae-zelandiae A.Cunn. 

18. Metrosideros tomentosa A.Cunn. Metrosideros excelsa Sol. ex Gaertn. 



Volume 17: 87-91 

Publication date: 13 May 2014 

dx.doi.org/10.7751/telopea20147554 

Telopea 
Journal of Plant Systematics 

The Royal 

Botanic Gardens 
& Domain Trust 

plantnet.rbgsyd.nsw.gov.au/Telopea • escholarship.usyd.edu.au/journals/index.php/TEL • ISSN 0312-9764 (Print) • ISSN 2200-4025 (Online) 

In-vitro developmental studies of Cheilanthes farinosa 
(Forssk.) Kaulf. (Pteridaceae)1 

Ruchi Srivastava2 and P. L. Uniyal 

Department of Botany, University of Delhi, Delhi, India. 

2Author for correspondence: contactrsri@gmail.com 

Abstract 

Developmental pattern of spore germination, gametophyte growth, differentiation, sex ontogeny and development of 

sporophytes of Cheilanthes farinosa were studied in in-vitro conditions. The spore germination and prothallial development 

are found to be of Vittaria type and Ceratopteris type, respectively. The species seems be a good colonizer in nature. A 

considerable numbers of sporophytes were produced through intra- and intergametophytic selfing in culture. Sporophyte 

production efficiency was observed to be 8% in isolate population and 12% in composite gametophyte population. 

Genetic barriers and over-exploitation for ornamental purposes causes the reduction in the population size. Protection 

of this taxon in the natural habitat is urgently required as it grows well in barren and disturbed habitats and help in the 

establishment of colonies of other plants. 

Introduction 

Cheilanthes farinosa ((Forssk.) Kaulf. is a homosporous fern belonging to the family Pteridaceae (Smith et al. 
2006). It is a rock-dwelling fern with a global tropical to sub-tropical distribution in warm and dry regions, 
often growing in small crevices high up on cliffs. The leaves are often densely covered with trichomes (Nayar 
1962). During dry periods, the fronds curl-up, but revive in moist conditions. In India, C. farinosa is distributed 
in Western Himalaya and southern India (Chandra 2000). The species is extensively used for ornamental 
purposes for which the whole plant is collected from its habitat (Nayar 1962). Over-collection and habitat 
destruction have resulted in the species being threatened. This present study aims to observe the gametophyte 
development and reproductive biology of this species to get an insight on the genetic status and requirements 
for establishment of the taxon in the natural habitat. 

Materials and methods 

Fronds with mature sori of C. farinosa were collected from Dhanaulti (alt 2200m, 30°25'N, 78°15'E) (Western 
Himalaya) during August 2012. Fronds were stored in a desiccator at room temperature for the release of spores 
in paper packets. Spores were surface sterilized with 2% sodium hypochlorite solution and rinsed thoroughly 
with double distilled water and sown in the petri-plates in sterilized Parker’s macro- and Thompson’s 

1 This paper is dedicated to Elizabeth Anne Brown (1956-2013), a botanist at the National Herbarium of New South Wales 
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Fig. 1: a, b: Trilete spores; c: Emerging protonema and rhizoids; d: Two - diamensional stage; e: Spatulate stage; 

f: Cordate stage; g: Antheridia An -> showing antheridia; h: Single Antheridium; i: Archegoina Ar -> Archegonia showing 

below apical notch; j: Single Archegonium; k: Sporophyte in isolate population; 1: Sporophyte in composite population 
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micronutrient culture medium (P&T) gelled with 1% agar. Cultures were kept in a culture room having light 

intensity ranges between 47.3-56.8 pmol nr2 sec-1 at 21-25 °C for 16 hour light photoperiod followed by 8 
hour dark photoperiod (Klekowski 1969). 

Periodically the spore germination and subsequent gametophyte growth, differentiation and sex ontogeny 
were observed under Olympus Cx21i/Tr microscope and photographed using Olympus Digital Camera. 
Observations on gametophytes of stock cultures were made and ratios of gametophyte bearing male and 
female or bisexual conditions were recorded (Table 1). Before initiation of gametangia in stock cultures, the 
gametophytes were isolated and placed in different petri-plates containing P&T medium in the following 
manner; 

Set 1: 25 petri-plates with single gametophyte in each (isolate culture) and 

Set 2: 10 petri-plates with 25 gametophytes in each (composite culture). 

After the initiation of the gametangia in stock cultures, watering of all the isolate and composite populations 
was done from above with sterile distilled water twice a week to facilitate fertilization. Percentage of sporophytes 
was recorded in both the above mentioned sets (Figs lk, 1). 

Five isolate cultures and two composite cultures were kept un-watered throughout the course of the experiment 
to find out the sexuality of the species. These un-watered populations never produced the sporophytes until 
the termination of the experiment, thus proved that the species is sexual in nature. These gametophytes were 
kept as such to observe their regeneration ability. 

Table 1: Chronological changes in the sex ratio of a composite culture 

Sample size (No.) Days after sowing Neuter (No.) Male (No.) Female (No.) Bisexual (No.) 

20 60 20 0 0 0 
20 70 20 0 0 0 
20 80 14 6 0 0 
20 90 12 5 0 3 
20 100 10 4 2 4 
20 110 8 3 4 5 
20 120 7 1 5 7 
20 130 0 5 9 6 
20 140 0 0 15 5 

20 150 0 0 20 0 

20 160 

Table 2: Breeding behavior of different populations 

20 0 0 0 

Population 

Isolate (A) 

Composite (A x A) 

Gametophyte studied (No.) 

25 

250 

Sporophyte produced (No.) 

2 

30 

Sporophyte produced (%) 

8 

12 

□ Isolate (A) 

□ Composite(Ax A) 

Fig.2: Percentage sporophyte produced in isolate and composite population of Cheilanthes farinosa 
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Results 

The spores of Cheilanthes farinosa are tetrahedral and aperinous with an average size of 33 x 34 pm (based 
on measurements of c. 100 spores) (Figs la, b). Spore germination was initiated after 7-10 days of sowing 
and 95% of the spores germinated when sown just 15 days after collection. Spore germination is of equatorial 
and ‘Vittaria type’ (Nayar and Kaur 1971). The spore coat ruptured at the laesura region and the germ 
filament emerged, generally preceded by the first rhizoid (Fig. lc). After 20 days, 50% sporelings attained 
2-diamensional - stage, but after 35 days, all sporelings attained 2-diamensional stage, out of which 30% 
spatulate gametophytes were developed (Fig. Id). After 40-45 days of sowing, 70% cordate and 30% spatulate 
gametophytes were observed in the culture (Figs le, f). Prothallial development is of the ‘Ceratopteris type’ 
(Nayar and Kaur 1971). The viability of spores was totally lost after 12 months when kept at room temperature. 

Rhizoids develop at posterior region which were pale brown in colour. Initiation of gametangia started after 70 

days of spore sowing. Antheridial initiation was followed by formation of archegonia (Table 1). Antheridia are 
borne adjacent to the rhizoidal ends of prothalli (Figs lg, h), while archegonia appear below the apical notch 
on ventral side. The necks of archegonia are oriented towards the apical notch (Figs li, j). 

Eighty-five days after sowing, the gametophytes turned bisexual (Table 1). Within 5 months of sowing the 
spores, the first juvenile leaves appeared in composite population (Figs li, j). Only 8% of gametophytes 
produced in isolate population while 12% gametophytes developed sporophytes in composite population 
(Table 2, Fig. 2). 

Discussion 

The populations of C. farinosa are continuously decreasing in their natural habitat, due to habitat destruction, 
deforestation, climate change and unsuitable environment for gametophytic growth and fertilization. Presence 
of high level of genetic load in the gene pool is reported to be one of the reasons for its rarity (Bir 1987). The 
taxon is also being exploited for its beauty and extensively used in horticulture. The reproductive biology 
studies give an insight into the causes of rarity. 

Sporophytes were produced only in 12% of gametophytes in composite population and 8% of isolate 
population, through the fusion of sperm and egg of the same gametophyte. The gametangial ontogeny of 
this species was found to be more favourable for inter-gametophytic selfing (the fusion of sperm and egg of 
different gametophytes, both being sibs, i.e. originating from the same parental sporophytes) in comparison 

to intra-gametophytic selfing (Singh and Roy 1984). Within four months of spore sowing maximum bisexual 
gametophytes were formed which increases the chance of selfing. After that there was a lower probability of 
selfing because of the formation of neuter gametophytes. 

In composite populations the gametophytes became bisexual and the culture remain male, female and bisexual 
up to 20 days which provide the opportunity for different types of mating. This may be because the genotypes 
of the species carried non-allelic recessive sporophytic genes and have larger genetic load present in the gene 
pool (Klekowski 1969; Ganders 1972). 

Majority of taxa having intra-gametophytic selfing and crossing are observed to be successful colonizers and 
rich in population density (Soltis and Soltis 1992; Korpelainen 1996; Hooper and Haufler 1997; Hereford 2010; 
Lott et al. 2003; Khare et al. 2005). For the colonization of open or barren habitat, if spores land sufficiently 
distant from each other, then only intra-gametophytic selfing is possible. Development of considerable 
number of sporophytes through intra- and inter-gametophytic selfing is reported in Microsorum punctatum 
(L.) Copel. and M. alternifolium (Willd.) Copel. (Srivastava et al. 2008; 2014)- The similar patterns were also 
observed in Asplenium nidus L., Lygodium japonicum (Thumb.) Sw. and L. flexuosum (L.) Sw. (Srivastava and 
Uniyal 2013a, 2013b). The genetic load can affect the relative success of intra- and inter-gametophytic mating 
events (Srivastava and Khare 2010; Ganders 1972). 

Since C. farinosa was found to have the capacity to form sporophytes through intra-gametophytic selfing, it 
may colonise barren land. During the early stages of colonization of new habitat, intra-gametophytic selfing 
predominates and at later stages mating occurs at the level of inter-gametophytic selfing. After a number of 
growing seasons the mode of sexuality will transform into almost obligatorily inter-gametophytic selfing. 
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Elizabeth A. Brown, a splendid tour guide, friendly 
companion and excellent collector 

Tamas Poes 

Botany Department, Institute of Biology, Eszterhdzy Karoly College, Eger, Pf. 43, H-3301, Hungary 

Abstract 

Elizabeth Anne Brown accompanied Tamas Poes and other colleagues on several long field trips in Australia and Fiji from 

2000-2011. 

Introduction 

I first heard the name of Elizabeth Anne Brown, when in 1999 we were collecting Frullania samples for the 
Flora of Australia Project, supported by the Australian Biological Resources Study (ABRS). The late Heinar 
Streimann (CBG/CANB) took me to the good localities of the east coast of Australia from Queensland to 
Victoria, and told me that Elizabeth had called him, to say that she could take me to places where we are sure 
to collect novelties. We agreed that this should happen the next year, when I was to be in Australia again for the 
same purpose. This visit was realised, together with my wife Sarolta Poes, in the February of 2000. We first met 
in the National Herbarium of New South Wales, Sydney (NSW). I was examining her recent collections when I 

found a peculiar, tiny, papillose Radula from Bellenden Ker area of Queensland, from the bark of the endemic 
Agathis atropurpurea B.Hyland. This new species we soon described as Radula ornata E.A.Br. & Poes (2001). 

Elizabeth was a wonderful organiser and prepared a collecting trip in New South Wales, from Dorrigo National 
Park, through Mount Hyland Nature Reserve, the Gibraltar Range and Washpool National Parks, Iluka 
Nature Reserve, Bundjalung National Park, Victoria Park Nature Reserve in the ‘Big Scrub’, Nightcap National 
Park, Mt. Warning National Park, Border Ranges National Park, Bellangry State Forest, Wilson River Flora 
Reserve and Gloucester Tops National Park. She shared both driving and collecting with the accompanying 

colleague Robert [Bob] G. Coveny and Sarolta. Elizabeth was a really enthusiastic collector, for example in the 
Victoria Park Nature Reserve I observed an unusual tiny Fejeuneaceae among the prop roots of Linospadix 
monostachyos (Mart.) H.Wendl. palms. After telling her that I had never seen this before and I had only picked 
a few stems she spent more than half an hour kneeling to collect from the different palm bases a specimen 
good enough for NSW. Our suspicion was right, as the plant proved to be the very rare Microlejeunea ocellata 
(Herz.) Grolle, described from New Zealand under the name of Rectolejeunea ocellata Herz. and only found 
once before in Australia (Thiers 1990). She had very good eyes for discovering similarly tiny things (like Radula 
ornata). The next year, we revisited the summit of Bellenden Ker (Queensland) during a rain downpour. When 
we returned to the safe warmth of the telecommunication station, I told her that I had seen the northern 

temperate Nowellia curvifolia (Dicks.) Mitt, and a glaucous, waxy Bazzania on a rotting log. Although she had 
already gotten soaked to the skin, she immediately went out in the indicated direction and did not come back 
until she had seen both plants. The Nowellia specimen was a new record for Australia and was subsequently 
published (Poes et al. 2012). 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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In June 2001, after a visit to the Northern Territory (from Darwin to Alice Springs area), we met again in 

Queensland, on a trip organized by Andi Cairns from the James Cook University, Townsville. Elizabeth took 
part in this collecting trip with Christine Cargill from the Australian National Herbarium, Canberra (CANB) 

(Fig. 1). We started at the Atherton Tableland and visited the Hugh Nelson Range, Crater Lakes National 
Park, the Wongabel State Forest, Mt. Lewis in the Main Coast Range, Malanga Malanga Creek, Palmerston 
National Park, Russell River National Park, and the Bellenden Ker National Park, where Elizabeth guided us to 
the type locality of Radula ornata. This location is an almost pure stand of mature Agathis atropurpurea trees 
with relatively open canopy, on the NW ridge of the central peak of Bellenden Ker summit, at an altitude of 
1370-1420 m, grids 17°15.6'N and 145°51.TE. On the beautiful red peeling bark of Agathis, this minuscule 
Radula, almost invisible to the naked eye, is quite rare and therefore its discovery was of great merit to Elizabeth. 
We made intensive collections in the same corticulous community from which I have identified the following 
species: 

Cheilolejeunea trapezia (Nees) Kachroo & R.M. Schust. 

Cololejeunea falcata (Horik.)Benedix 

C. ocelloides (Horik.) Mizut. 

Drepanolejeunea dactylophora (Nees et al.) Schiffn. 

D. pleiodactyla Herz. (new to Australia!) 

D. vesiculosa (Mitt.) Steph. subsp. affinis Schiffn. ex Herz. 

Frullania hodgsoniae von Konrat et al. (new to Australia!) 

F. monocera (Hook.f. et Tayl.) Tayl. and two other Frullania species 

Harpalejeunea filicuspis (Steph.) Mizut. 

Lejeunea exilis (Reinw. et al.) Grolle 

Metalejeunea cucullata (Reinw. et al.) Grolle 

Radula ornata (occurs only on Agathis bark). 

After Bellenden Ker, we visited the Cardwell Range and Kirrama State Forest, where in a relatively dry evergreen 
lowland rainforest Elizabeth collected epiphyllous liverworts. The material included: 

Cheilolejeunea vittata (Steph. ex G. Hoffm.) R.M. Schust. & Kachroo 

C. trapezia (Nees) R.M. Schust. & Kachroo 

Cololejeunea appressa (A. Evans) Benedix 

C.floccosa (Lehm. et Lindenb.) Steph. 

Lopholejeunea eulopha (Taylor) Schiffn. 

Frullania sp. 

After we visited the montane rainforest along Douglas Creek at the N side of Mt. Pershouse, where Elizabeth 
collected another species of Nowellia new to Australia, (Nowellia langii Pears, of Malesian distribution), we 
continued to Lumholtz National Park, Crystal Creek National Park and Paluma Range State Forest where we 
found the first Australian record for Jubula hutchinsiae (Hook.) Dum., again new to Australia (Poes and Cairns 
2008). 

Our third opportunity to work together was in Fiji in April 2008. The aim of this expedition led by Marika 
Tuiwana was to explore the cryptogamic diversity of the islands and to educate Fijian specialists. It was 
organised by Matt von Konrat of the Field Museum, Chicago, (F) and hosted by the South Pacific Regional 
Herbarium (SUVA)* at the University of South Pacific in Suva (Figs 2,3). Other participants included botanists 
Alifereti Naikatini and Marika Tuiwawa (SUVA), hepaticologist John Braggins of the Auckland War Memorial 
Museum (AK), hepaticologists Elizabeth A. Brown and Matt Renner (NSW), bryologist Allan Fife of the Allan 

Herbarium (CHR), lichenologist H. Thorsten Lumbsch (F) and bryologist Tamas Poes (EGR). 

During this expedition we visited and collected in the forests of Viti Levu and on the Taveuni Islands and 
Elizabeths task was to deal with members of families Aneuraceae and Lepidoziaceae. The results from this 
expedition were summarized by many authors in Telopea, volume 13, part 3 (edited by Elizabeth A. Brown) 
and a brief history of bryophyte research in Fiji was described in this volume by all participants (von Konrat 
et al. 2011). 

* This Herbarium is also referred to by the informal acronym (SPRH) (http://www.usp.ac.fi/index.phpTidHas_herbarium) 
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Fig. 1. (above). Daily budget. 11 June 2001 Babinda, Queensland 

(Andi Cairns, Elizabeth Brown, Christine Cargill). 

Fig. 2. (right). Elizabeth chating with Thorsten Lumbsch at Nadiravatu 

Forest Reserve, Viti Levu, Fiji, 17 April 2008. 

Fig. 3. Preparation of specimens in the Fiji Electricity Authority (FEA) Resthouse at Monasavu Lake, Viti Levu, Fiji 13 

April 2008 (Clockwise left to front right: Matt Renner, Elizabeth Brown, Thorsten Lumbsch, John Braggins). 
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Fig. 4. (left). Elizabeth taking a picture of bryophytes along the Namosi road, Viti Levu, Fiji, 30 August 2011. 

Fig. 5. (right). Farewell from Kadavu Island. Elizabeth Brown and Andrea Sass-Gyarmati with our lady hosts in 

Nabukalevu-Ira village, Kadavu Island, Fiji, 10 September 2011. 

Fig. 6. Our research group with our hosts in Nuku village, Kadavu Island, Fiji, 11 September 2011 (seated front left to 

right): Elizabeth Brown, John Braggins, Tamas Poes, Matt von Konrat, Allan Fife and Ears Soderstrom; (standing back 

row left to right): Nina (a local girl), Mereia Katafona, local Fijian guide, Matt Renner, Faura Briscoe, Feon Perrie, Johny 

(Fijian Forestry), Fijian tour operator (partial visible at rear), Andrea Sass-Gyarmati, and Senilolia Heilala). 
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During August-September 2011 (Figs 4-6), my wife and I went again together with Elizabeth to continue the 

Fiji Project. This time we visited the newly established Savi Basin Natural Reserve on Viti Levu Island and the 
western half of the much smaller but still under-collected Kadavu Island. The participants were more or less the 
same as that of the previous Fijian trip, with the addition of Laura Briscoe (F), pteridologists Patrick Brownsey 
and Leon Perrie of the Museum of New Zealand - Te Papa Tongarewa (WELT), botanist Kwanruan Papong, 
(Thailand), hepaticologist Andrea Sass-Gyarmati (EGR), bryologists Ana Seneca and Lars Soderstrom of the 
Norwegian University of Science and Technology (TRH). In addition, Fijian botanists also joined us, among 
others Senilolia Heilala and Mereia Katafono (SUVA). 

During these four long field trips I had the opportunity to make acquaintance with the very kind personality 
of Elizabeth. She always had a modest manner, was always helpful, very diligent at work and very competent 
in recognizing genera and species of her groups. In Fiji, when she was not busy with preparation of specimens 
or investigating the oil bodies of different hepatics, she helped in cooking and other necessary tasks. She was 
always friendly to local people and tried to maintain good relations with them. She never complained even in 
the hardest circumstances, but was always cheerful and understanding. Her passing away is a great loss for the 
bryologist community and for bryology. We keep her warm memory forever. 
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Abstract 

A new species of Camellia L. (Theaceae) endemic to the Da Lat Plateau in southern Vietnam is described and illustrated: 

Camellia hongiaoensis Orel & Curry. The newly described species possesses mostly solitary, axillary or terminal flowers; 

bracts 5; sepals 3-5, transitional to petals (petaloids); petals 7-10; the outer whorl consisting either of sepals or petaloids is 

distinct, a random arrangement of petals in a tight and uneven spiral, numerous proximally fused stamens and gynoecium 

4- or 5-carpellate. 

Introduction 

Camellia L. (Theaceae) is well represented in Vietnam and China, with its species located throughout these 
countries. Vietnam is considered a major centre of diversity for the genus, with about 20% of all the species 
located within its borders (Sealy 1958, Chang and Bartholomew 1984). The genus is characterized by having 
seeds without wings and capsules dehiscing from the apex (Sealy 1958). Several new species have been 
discovered in southern Vietnam recently, increasing the number of indigenous Camellia species (Orel and 
Wilson 2010,2012; Orel et al 2012). The new species published here was recently publicized in popular literature 
under the misapplied name of C. krempfii (Gagnep.) Sealy (Anonymous 3 November 2013). Comparisons of 
the published descriptions of C. krempfii (Gagnepain 1941, Sealy 1958; Chang and Bartholomew 1984), the 
materials published by Anonymous (3 November 2013,8 March 2014,31 May 2014), and specimens collected 
by the authors, revealed a number of morphological discrepancies between C. krempfii and the new species, 
e.g. in petiole length, leaf size, the number of secondary veins, flower size, shape and colour, number of sepals 
and petals and length of the styles. 

In this paper, the new species Camellia hongiaoensis, belonging to Camellia sect. Dalatia Orel from Vietnam 
is described. 

1 This paper is dedicated to our colleague Elizabeth Anne Brown (1956-2013), who was a botanist at the National Herbarium of New South Wales 
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Fig. 1. Adult leaves and flower buds of Camellia hongiaoensis (G. Orel &A.S. Curry OC36). Image: A. Curry 

Fig. 2. Developing flower buds of Camellia hongiaoensis (G. Orel & A. S. Curry OC36). Image: G. Orel 
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Camellia hongiaoensis Orel & Curry sp. nov. 

C. krempfii auct. non (Gagnep.) Sealy 

TYPE: Vietnam. Khanh Hoa Province: in the vicinity of the City of Nha Trang, Luong Van Dung, Cuong 

Quang Truong & Pham Huu Nhan, Orel & Curry OC36,28 Nov 2013 (holotype, NSW). 

Diagnosis 

Camellia hongiaoensis is similar to C. luteocerata, the type species for Camellia sect. Dalatia Orel, in that it 
possesses mostly solitary, coral pink flowers with a distinct white margins; axillary or terminal flowers; perules 
(bracteoles) that cover the peduncle, 10-12 corolla parts (cf. 11-13 in C. luteocerata); distinctly recognizable 
outer whorl consisting of sepals which are transitional to petals (petaloids); a random arrangement of petals 
in a tight and uneven spiral, numerous proximally fused stamens and gynoecium 4- or 5-carpellate. However, 
C. hongiaoensis differs from C. luteocerata in that it possesses mature leaves 35-41 cm long (not leaves 
22-27.5 cm); 20-23 (not 8-10) pairs of secondary veins; flowers 9-10.5 cm diam. (not 5.5-6.5 cm diam.), 
campanulate (not oblongoid); peduncle 1.5-2 cm long (C. luteocerata flowers are sessile); bracteoles 
10-2 (none); bracts 5 (6 perules); sepals 3-5 (sepals absent); petals 7-10 (not 11-13); styles 4, free to base, 
basally tomentose (not single, 5-parted and glabrous); ovary hairy (not glabrous). 

Perennial, medium to large, sparsely branched, evergreen shrub up to 6 m high, upright habit; sometimes 
multi-stemmed, main stem up to 25 cm thick at base; secondary branches relatively thin and ascending at 
c. 45°; adult bark smooth or very slightly furrowed, grey to greyish-brown with a few randomly distributed 
green areas (some lichen growth present); new shoots light green with randomly distributed light brown corky 

areas, rather dull, turning grey to light brown on semi-mature branches; adult branches of the same colour as 
trunk; petiole pronouncedly falcate, rounded in transverse section, rather stout, sometimes proximally slightly 
twisted around its longitudinal axis, shiny, mid-green with a light-brown corky areas, 2-3(-3.5) cm long, 
0.5-0.7 cm wide, c. 0.5 cm thick; axillary leaf buds rudimentary, short and wide, with a sharp apex, light green 

and shiny; developing leaves very narrowly elliptic, soft, pendulous, rather brittle, of light lilac colour, later 
purplish-green with distinct sheen, glabrous, irregularly and narrowly serrate, margins indistinctly undulate, 
venation well developed; mature leaves narrow elliptic, irregularly and finely serrate, margins undulate, 
glabrous, slightly coriaceous, adaxial surface mid green, rather dull, lighter green and dull below, 35-41 cm long, 

9.5-10.5 cm wide; base cordate to amplexicaul; apex variable, cuspidate; blade midrib narrowly sunken adaxially, 
prominent abaxially, 4-5 mm wide proximally, less than 1 mm distally, light green to yellow-green, rather dull 
on both sides, secondary venation pinnate, distinctly brochidodromous, with 20-23 pairs of veins adaxially 
sunken, abaxially slightly prominent, tertiary venation distinct, well-developed, evenly distributed, adaxially 
more prominent, abaxially almost invisible, adaxially sunken, prominent abaxially, quaternary venation very 
fine, well-developed and distinct, may be a subset of the tertiary venation; areolation well-developed, meshes 
unevenly tetragonal to hexagonal of relatively inconstant size, maximum areole dimensions 1.1 x 0.7 mm 
(tertiary), 3x7 mm (quaternary). Flowers pedunculate, campanulate or almost so, pendulous, terminal and 
axillary, mostly solitary, sometimes geminate, rarely in groups of three, without scent; flower buds numerous, 
ellipsoid to oval, sparsely hairy, with appointed but blunt distal end, later almost orbicular, pendulous, coral 
pink with distinct white petal margins, developing petals and sepals tightly overlapping; peduncle falcate, 
pendulous, rather stout, 1.5-2 cm long, distally 0.75 mm wide, proximally 0.5 mm; pink to light pink, base 
of peduncle covered by 10-12 small, overlapping, tightly adpressed and undifferentiated bracteoles; flowers 
9-10.5 cm diam., waxy, rigid, coral pink to dark pink with distinctly white sepal and petal margins; bracts 5, 
in two uneven, slightly overlapping whorls, 3+2 or 2+3, triangular, slightly concave, tomentose, rigid but not 
woody, waxy, slightly keeled, red, with margin partially translucent, very narrow; outer whorl of 2 or 3 bracts, 
1.5 cm long, 1.2 cm wide; inner whorl of 3 or 2 bracts, 1.5 cm long, 1.5 cm wide, bracts tightly adpressed to 
each other and to the sepals; sepals 3 to 5, transitional to the petals, orbicular, concave, rigid but not woody, 
coral pink with a distinct white margins, variable in size, up to 3.5 cm long, 2.5-3 cm wide, but may be 
smaller; petals 7-10, unevenly spaced, arranged in a spiral, 3.5-4.5 cm long, 3.5-4.5 cm wide, glabrous, not 
shiny, rigid, brittle, waxy, concave, unevenly obovate, without emarginations or striations, petal margin white, 
sometimes partially translucent, wavy; stamens numerous, in a tight circular formation c. 2.5 cm diam.; filaments 
c. 2.5 cm long, creamy white distally, pinkish proximally, glabrous, less than 1 mm wide, but slightly wider 
and laterally compressed at the base, in two distinct series, outer filaments joined for c. 5 mm to each other, 
inner filaments free; anthers bright yellow, later darker, c. 3 mm long, 2 mm wide, divided laterally into two 
even halves, dorsifixed; styles 4,3.5-4 cm long, slightly wider proximally, free to base, basally finely tomentose, 
otherwise glabrous, whitish yellow, lilac to dark purple at base, slightly sinuous; stigma light yellow to yellow, 
indistinct, asymmetric, c. 1-2 mm long, less than 1 mm wide; ovary superior, barrel-shaped, slightly wider 
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Fig. 3. Open adult flower of Camellia hongiaoensis showing petals and stamens (G. Orel & A. S. Curry OC36). 

Image: G. Orel 
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distally, narrower proximally, 4- or 5-carpellate, finely tomentose at base, light yellow, lilac to purple distally, 
longitudinal striations distinct and evenly spaced, 7-8 mm wide, 7.5-8.5 mm long, but sometimes smaller; 
adult fruit 4-4.5 cm wide, 2-2.5(-3) cm thick, pendulous, capsule strongly oblate, sutures 3 or 4, well-defined, 
yellowish brown with light green areas on upper parts, style remnants persistent and folded over centre of 
capsule; adult seed glabrous, light brown, shiny, laterally compressed, of various sizes. 

Phenology. The new species was collected in flower in late November. The relatively large number of mature 
flowers may indicate that October to January is the main flowering period for this species. 

Distribution. Camellia hongiaoensis is known from the type location which is situated in the Khanh Hoa 
Province in the vicinity of the Honba Mountain. The precise provenance details of this species are withheld 
for conservation reasons. 

IUCN Red List category. Approximately ten adult trees were located in the small area around the type locality. 
However, no detailed, wider search was undertaken. Given this situation, we consider the IUCN category of 

Data Deficient (DD) to be appropriate (IUCN 2011). 

Etymology. The specific epithet refers to the Hon Giao geographical area in the Province of Khanh Hoa in 
Vietnam where this species was collected. 

Discussion. This new species was found in the southern part of the Central Coast of Vietnam, outside the 
confines of the geographical area which is considered to be the natural range of Camellia species belonging 
to sect. Dalatia (Orel and Wilson 2010). Thus the new discovery considerably extends the geographical range 
for Camellia species belonging to this section. Camellia hongiaoensis occurs in a relatively small geographical 
area which is a part of the thick residual rainforest where it forms a part of the dense understorey. The new 
species tolerates filtered sunlight and damp atmospheric conditions, with seasonally water-logged soils that 
are relatively poor, but well-draining. 

It should be noted that C. hongiaoensis was recently publicized in popular literature (Anonymous 
3 November 2013) under misapplied name of C. krempfii (Gagnep.) Sealy. Detailed morphological studies 
which compared the descriptors of C. krempfii (Gagnepain 1941; Sealy 1958; Chang and Bartholomewl984; 
Ho 1991) and C. hongiaoensis indicate a number of morphological differences (refer to Table 1). 

Fig. 5. Longitudinal section of adult flowers Camellia hongiaoensis, showing stamens, with sepals and petals removed 

(G. Orel & A. S. Curry OC36). Image: A. Curry 



104 Telopea 17: 99-105, 2014 Orel & Curry 

Table 1. Morphological comparisons between C. hongiaoensis Orel & Curry and C. krempfii (Gagnep.) Sealy. Based on 
Chang and Bartholomew (1984), Gagnepain (1941), Ho (1991), Sealy (1958). 

C. hongiaoensis C. krempfii 

Leaf length (cm) 35-41 28.5-31 

Leaf width (cm) 9.5-10.5 6-7.5 

Leaf apex variably cuspidate bluntly acute/acuminate 

Leaf base cordate-amplexicaul cordate 

Lateral vein (pairs) 20-23 about 20 

Petiole length (mm) 20-30(-35) 15 

Flower (sessile/pedicellate) pedicellate pedicellate 

Pedicle length (mm) 1.5-2 2.6 

Flower Number solitary or geminate solitary 

Flower position terminal & axillary terminal 

Flower diameter (cm) 9-10.5 not available 

Sepal number 3-5 perules 10-13 

Petal number 7-10 about 10 

Flower colour coral pink to dark pink (petal & sepal margins white) white 

Stamen length (cm) 2.5 2-2.5 

Filaments outer connate for 5mm outer connate for 7-8 mm 

Filament hairiness glabrous basally hairy 

Ovary finely tomentose silky 

Number of locules 4 or 5 5 

Ovary shape barrel-shaped ovoid-globose 

Style number 4 5 

Style length mm 35-40 15 

Style hairiness finely tomentose at base puberulous 

Styles free free 
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Abstract 

Seven species belonging to Radula subg. Radula are accepted for Australasia. Radula oreopsis M.A.M.Renner is described 

as new, while R. kurzii, R. multiflora, R. reflexa and R. sharpii are excluded from the region. Molecular and morphological 

data provide evidence suggesting that the broad species concepts recently applied to subg. Radula in Australia and across 

the Pacific are not useful. Many subtle yet consistent differences in size and shape, and in micromorphological and 

anatomical characters potentially inform species circumscription. However, most differences between species are virtually 

impossible to apprehend independent of molecular data corroborating their significance. Herbarium-based studies and 

the interpretation of type material are therefore challenging. However, the molecular phylogeny based on three chloroplast 

markers unites a morphologically heterogeneous array of individuals from across Australasia and the Pacific into a single 

fully supported clade containing individuals corresponding to the type of R. javanica as well as individuals from Australia, 

New Zealand and Fiji attributed by various workers to R. erigens, R. javanica, R. multiflora and R. reflexa. There is a 

general lack of congruence between morphological and molecular groups across the phylogeny. Morphologically similar 

individuals are resolved in different clades where they are more closely related to morphologically dissimilar species, which 

may hint at morphological convergence. Morphologically different individuals are nested within each other. The unique 

cell ornamentation in R. oreopsis, but not in other individuals (here attributed to other species) within the same clade is 

one example hinting at rapid morphological evolution. The dispersed nature of land within island archipelagos means 

spatial isolation could contribute to origin and maintenance of species diversity across the Pacific. Every habitat may be 

effectively peripherally isolated by dispersal limitation. If rates of dispersal and divergence are equivalent across the region, 

the Pacific and bounding lands including the Wet Tropics Bioregion could maintain species paraphyly in perpetuity. 

Introduction 

The first subdivision of Radula was by Spruce (1884) who proposed subgenus Cladoradula Spruce for one 
species with spherical capsules and no subfloral innovations, the remaining 12 Amazonian and Andean taxa 
he placed into subg. Radula. Almost simultaneously, Stephani (1884) conceived 12 artificial sections as an 
aid to species identification. Castle (1936) combined Spruces subgeneric scheme with Stephani’s sections at 
a time when evolutionary systematic thought should have been exerting a strong influence on the supra- 
specific classifications throughout the Hepaticae. Jones (1977) articulated a scathing critique of the sectional 
subdivision of Radula adopted by Castle but made no taxonomic changes. Two years later, Yamada (1979) 
segregated from subg. Radula species with acute leaf-lobe apices and two pairs of female bracts between the 
subfloral innovations and the perianth base, and placed these into subg. Odontoradula K.Yamada. Schuster 
(1980), after nearly three decades of revisionary study on liverwort classification finally brought himself to 
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publish one of his two papers treating the Radulaceae, a family he regarded as interesting as Bazzania in its 
morphological monotony (though to his credit he published even fewer papers on Bazzania). Schuster (1980) 
identified in species of Radula subg. Odontoradula and in some species of subg. Radula the presence of what 
he called an Isotachis-type stem perigynium. The latter were removed to subg. Metaradula R.M.Schust. as he 
regarded the presence of a stem-perigynium as defining a fundamental division within Radula (Schuster 1980). 
He even mooted segregating subg. Metaradula and subg. Odontoradula into a separate genus on this basis 
(R.M. Schuster pers. comm. 2003). Unfortunately, Schuster’s (1980) consideration of subg. Radw/a became bogged 
in the quagmire of pre-existing sectional, subsectional, and serial segregates. In the subgeneric classifications 
of both Yamada and Schuster subg. Radula comprised species not accommodated in any other subgenus. 
Unsurprisingly subg. Radula was found to be polyphyletic in the molecular phylogeny reconstructed by Devos 
et al. (2011a). The generitype, Radula complanata (L.) Dum. grouped with a number of morphologically 
similar species in a fully supported clade nested within another comprising a diverse suite of morphologically 

dissimilar species. This aggregation of morphologically disparate species in a monophylum was not unique, 
as subg. Odontoradula and subg. Amentuloradula also comprised assemblages of morphologically dissimilar 
species that had previously been attributed to different subgenera. High levels of morphological homoplasy 
were reflected in the high uncertainty associated with ancestral character state reconstructions for 20 characters 
previously employed in infrageneric classification of Radula. The broad morphological circumscriptions 
presented in the subgeneric classification revised by Devos et al. (2011b) reflected the lack of clade defining 
synapomorphies, at least among characters previously employed to define infrageneric groups. 

In a preliminary treatment of the Queensland species of Radula, Yamada (1987) identified 16 species belonging 
to subg. Radula; however, all but six belong in other subgenera (Table 1). Preliminary analyses including 
R. patens K.Yamada are inconclusive as regards subgeneric affinities; however the species is not a member of 
subg. Radula (M.A.M.Renner unpublished data). The subgeneric placement of R. patens and its close relatives 
will be the subject of a subsequent contribution. 

Table 1. Australian species assigned to subg. Radula by Yamada (1987) with their current subgeneric placement (where known) and 

notes on their status in Australia 

Species Subgenus Notes 

R. acutiloba Radula 

R. hicksiae Amentuloradula 

R. javanica Radula 

R. jovetiana Metaradula 

R. kurzii Unassigned Excluded from Australia 

R. loriana Metaradula 

R. multiflora (?) Radula Excluded from Australia 

R. nymanii Metaradula 

R. parvitexta Metaradula Synonym of R. robinsonii 

R. patens Unassigned 

R. reflexa (?) Radula Excluded from Australia 

R. retroflexa Odontoradula 

R. sharpii (?) Radula Excluded from Australia 

R. tasmanica Odontoradula 

R. thiersiae Amentuloradula 

Radula acutiloba Steph. was described as a new species from Australia by Stephani (1889) on material collected 
by RM. Bailey in Queensland. A similar plant from New Zealand, collected by W. Colenso, was described as 
R. papulosa Steph. (Stephani 1892). Radula papulosa was synonymised with R. acutiloba by Yamada (1987), 
and this was followed by So (2005), but not by Meagher and Fuhrer (2003) or Renner (2005). 

Radula javanica was first reported for Australia by Stephani (1889). In his revision of south-east Asian Radula, 
Yamada (1979) described R. javanica as one of the most plastic species, being highly variable in both the 
size and shape of leaf-lobes and lobules; and again in his treatment of Queensland species he described 
Australian R. javanica as being highly variable in forms of leaf-lobes and lobules (Yamada 1987). Broad 
ecological variation was reported for R. javanica by Yamada and Piippo (1989), which had an altitudinal range 
on the Huon Peninsula (Morobe Province) of Papua New Guinea of 40-2500 m asl. The circumscription of 
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R. javanica has been progressively broadened since Castle’s (1966) treatment in his worldwide revision, as 
has the reported range of R. javanica. Castle (1966) listed no synonyms, while Yamada (1979) listed seven 
synonyms. In her synopsis of Radula in the South Pacific, So (2006) included ten species in the synonymy of 
R. javanica, including four newly proposed. Among these were several having type specimens from the Pacific, 
including Radula Oceania Castle, Radula cordiloba Taylor, Radula subpallens Steph. ex Besch., Radula unduliflora 
Castle, several more having types in New Caledonia, and two with types in Melanesia. Morphological variation 
within individuals, broad similarity between individuals, and ecological similarities were cited as justification 
for further broadening the circumscription of R. javanica (So 2006). Radula javanica has also been reported 
from the neotropics (Yamada 2000). 

Radula kurzii Steph. was reported new for Australia by Yamada (1984). The type was collected from the 
Andaman Islands. This species was regarded as synonym of R. javanica by Miller et al. (1983). 

Radula sharpii K.Yamada was described from Papua New Guinea by Yamada (1985) and reported for 
Queensland by Yamada (1987) on a specimen collected by lima Stone in Mossman Gorge. 

At the end of Die Gattung Radula, Stephani (1884) noted that Ferdinand von Mueller in Fragmenta 
Phytographiae Australiae (Mueller 1878-1881) discussed two plants which he called Radula gottscheana, 
one from Rockingham Bay, the other from Keppel Bay. Stephani saw the former and considered it R. reflexa, 
the first report of this species from Australia. Stephani (1889) subsequently reported R. reflexa for Norfolk 
Island, which Yamada (1979) regarded as doubtful. Yamada (1987) reported Australian collections of R. reflexa 
from Cape Tribulation made by M.L. Flicks. Radula reflexa was reported for Fiji, New Caledonia and Tahiti, 
and types of synonyms from Indonesia and Hawaii were given, resulting in a range extending from Borneo 
eastward across Melanesia through Papua New Guinea, Australia, and across the Pacific to Hawaii (So 2006). 

All records described above have been based on morphological data. Lobule characters in particular are central 
to species circumscription within Radula, and distinctive or unusual lobule characters have been identified 
as diagnostic of many species. Some species have been named for lobule characters, such as Radula voluta 
from the northern hemisphere, while R. acutiloba, R. retroflexa and R. reflexa are local examples. The lobules 
of Radula reflexa, as the specific epithet suggests, are reflexed in their upper half, and a number of different 
species have been proposed for the range of plants expressing lobules reflexed to varying degrees. So (2006) 
accepted only two of these for the Pacific, she expressed some hesitation in retaining R. decurrens Mitt, and 
R. reflexa as distinct species, the former differing in its undulate leaf-lobe margin. Everything else with reflexed 
lobules So (2006) treated as jR. reflexa. Yamada (1979) regarded the subquadrate or rhombic leaf-lobules, 
often strongly recurved from the upper 2/3 of adaxial margin to the apex, as diagnostic of R. reflexa. He also 
alluded to similarities between this species and R. multiflora (also having an Indonesian type) but noted that 
R. multiflora was distinctive in its flat lobule apex, but recurved basal margin. Plants from Queensland with 
these features were the basis for Yamada’s (1984) Australian record of R. multiflora. As noted above, Yamada 
(1979, 1987) regarded R. javanica as variable but described and illustrated plants with flat lobules, lacking 
reflexed or recurved margins or apices. Although So (2006) followed Yamada’s circumscription of R. reflexa, 
she placed R. multiflora in synonymy of R. javanica, expanding this already variable species to include plants 
with recurved as well as flat basal lobule margins. 

The purpose of this study is to identify species of Radula subg. Radula in Australia. For comparative purposes 
samples from across the Pacific were included to assist in establishing parameters and limits of variation 
expressed by, and relationships between, Australian species of this subgenus. 

This study is the product of an ABRS Postdoctoral Fellowship with the Royal Botanic Gardens and Domain 
Trust upon which Elizabeth Brown was joint investigator. Much of the material included in the molecular 

component of this study was collected in her company, during fieldwork in some magnificent and fascinating 
landscapes throughout Australia and Fiji. It is sad that Elizabeth did not live to capitalize on the opportunities 
generated by this fieldwork. This study reaches conclusions about species circumscription and nomenclature 
that Elizabeth would probably have found unsatisfactory in their incompleteness, and their lack of consistency 
with molecular evidence. However, she appreciated the world was often more complex than expected, and that 
you just have to do your best when dealing with difficult plants. This study is dedicated to her. 
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Methods 

Taxon sampling and molecular protocols. 

Sampling for DNA was based on material collected throughout the Australasian geographical ranges reported 
for R.javanica and R. reflexa, and other species of subg. Radula. At each site one to five collections representing 
the morphological and ecological diversity exhibited by each species were made. The objective of sampling was 
to include multiple individuals of each morphological type from many sites across their distributions. Clean 
shoot tips comprising the meristem, embryonic leaves, and one or two nearly mature leaves were excised from 
each specimen until approximately 25-50 mm2 of cleaned material was obtained, depending on plant size. 
Study specimens were either stored on silica gel or rapidly air dried from wild collected material to ensure 
plant material remained green and free of fungus. 

Total genomic DNA was extracted using the DNeasy Plant Minikit (QIAGEN Pty Ltd, Sydney Australia). 
Three chloroplast markers were sequenced, (1) the atpB-rbcL spacer, (2) the plastid truL-F region including 
the fniL(UAA) groupl intron and the trnL-B intergenic spacer, hereafter trnL-F, and (3) the trnG G2 intron. 
These three markers were selected due to higher success at obtaining clean PCR product for chloroplast than 
nuclear markers, and these three regions evolve quickly enough to acquire synapomorphies indicative of 
reproductively isolated groups. Primer details are presented in Table 2. Polymerase chain reaction (PCR) was 
carried out using the following protocols. For truL-F each 15 pi reaction contained 1.5 pi lOx PCR Buffer, 

1.5 pi 20 mM MgCL,, 0.9 pi of each primer at 10 pM concentration, 0.12 pi of 1% BSA, and 0.12 pi of Immolase 
Taq. For the atp$-rbcL and trnG each 15 pi reaction contained 1.5 pi lOx PCR Buffer, 0.75 pi 20 mM MgCl2, 
0.9 pi of each primer at 10 pM concentration, 0.12 pi of 1% BSA, and 0.08 pi of Immolase Taq. Temperature 
profile used for sequencing was 95° C for 10 minutes, then 35 cycles of 95° C for 1 min, 1 min at annealing 
temperature of 53° C for frnL-F and trnG, and 50 °C for atpB-rbcL, then 72° C for 1 min, followed by a final 
extension step of 72° C for 10 min. The same primers were used for sequencing of cleaned PCR products by 
Macrogen Inc., South Korea (http://www.macrogen.com). 

Table 2. Primer Details 

Region Primer Sequence 5'-3' Direction References 

atpB-rbcL atpB-1 AC ATC KARTAC KGGACCAATAA Forward Chiang et al. (1998) 

rbcL-1 AACACCAGCTTTRAATCCAA Reverse Chiang et al. (1998) 

trnL-trnF A50272 ATTTGAACTGGTGACACGAG Forward Taberlet et al. (1991) 

B49317 CGAAATCGGTAGACGCTACG Reverse Taberlet et al. (1991) 

trnG trnGF ACCCGCATCGTTAGCTTG Forward Pacak & Szweykowska- 

Kulinska (2000) 

trnGR G C G GGTATAGTTTAGTG G Reverse Pacak & Szweykowska- 

Kulinska (2000) 

DNA sequence alignment and Phylogenetic analyses. 

For each DNA region, forward (5' -3') and reverse (3' -5') sequences were assembled and checked for inaccurate 
base calling using Geneious (Drummond et al. 2012). Consensus sequences were aligned by MUSCLE (Edgar, 
2004) on the CIPRES portal (Miller et al. 2010) and manually edited in BioEdit 5.0.9 (Hall 1999) following 
alignment rules and principals of homology outlined in Kelchner (2000) and Morrison (2006). 

Ultrametric trees summarising relationships and relative divergence times were estimated using the Bayesian 
software BEAST version 1.4.8 (Drummond & Rambaut 2007). Three partitions with unlinked GTR + I + T 
substitution models were specified. Base frequencies were estimated from data, gamma had six categories, 
and all substitution models and clock models were unlinked. Substitution model priors followed default 
settings in BEAUTi v.1.7.2. A separate uncorrelated lognormal relaxed-clock modelled substitution rates for 
each partition, with rates estimated relative to atpfi-rbcL. A uniform prior with range 0-100 was applied to 
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each clock, a speciation birth-death model (Gernhard 2008) with a uniform distribution applied to node 

heights, and an unweighted pair-group mean aggregate (UPGMA) dendrogram was used as the starting tree. 
Phylogeny was not time-calibrated, however branches in resulting ultrametric trees are proportional to time. 
The analysis was run for 19.8 million generations (the number completed in a 24 hour period) and sampled 
every 1000. Burnin length and convergence between the four runs were confirmed by comparing trace files for 
each run in Tracer v.1.5 (Rambaut & Drummond 2009). After excluding the first 10% of samples as burnin, 
the 50% majority rule tree summarised the sampled trees. 

Morphology 

Specimens of Radula from AK, BM, BRI, CANB, CHR, FH, G, MEL, MPN, NSW, NY, S, and WELT, were 

examined. The distribution of the specimens examined is summarized according to subregions of Papua New 
Guinea (Womersley 1978), and those of Australia according to the regions of Queensland (Anonymous 1975) 
and New South Wales (Anderson 1961; Jacobs and Pickard 1981). The distribution of specimens for other 
countries are summarised according to official standardised geographical island groups. 

Morphology was assessed with the aid of dissecting and compound microscopes. In the descriptions, 
measurements are given for the smallest and largest observed values for a given structure, so are indicative 
of range only. Leaf lobe length defined as perpendicular to the stem axis, width parallel to the axis, and not 
including the lobule. When assessing lobule shape it was necessary to rehydrate and slide mount material for 
investigation with a compound microscope. 

Stem transverse sections were prepared by hand from primary shoots, with sections taken from three different 
shoots for each individual, and slide mounted in water for observation. Dissections of female bracts, gynoecia, 
and archegonia were by hand and slide mounted in water. Longitudinal sections of the perianth were also 
prepared by hand, with two or three perianths from a selection of individuals examined for each species 
depending on availability, and slide mounted in water. 

Observations of species ecology were made during fieldwork in Fiji and Australia between 2008 and 2013. 

Results 

Sampling 

Seventy-five individuals of Radula subg. Radula were sampled (Table 1), and sequences obtained from all 
75 for atpfi-rbcL spacer and trnL-F, and from 69 for trnG (Table 1). A further 92 individuals sampled in the 
global phylogeny by Devos et al. (2011a, b) were included (see Renner et al. 2013a for details). Alignments 
resulted in datasets of 666 putatively homologous sites for atp$-rbcL spacer (647 uninformative and 
19 parsimony informative characters); 778 putatively homologous sites for trnG (539 uninformative and 
239 parsimony informative characters); and 642 putatively homologous sites for frnL-F (488 uninformative 
and 154 parsimony informative characters). The concatenated dataset included 2086 sites, of which 412 were 
parsimony informative, and included 363 of the total 495 sequences, a missing rate of 27%, most of which were 
in the atpfi-rbcL spacer region. 

Phylogenetic analysis 

All data partitions converged on compatible topologies for supported clades, with no significant disagreement. 
For the concatenated data 19,840 trees were sampled from the posterior probability distribution by BEAST, 
and the first 1984 were excluded as burnin. 

In the estimated phylogeny (Fig. 1), 88 terminals were resolved within a clade corresponding to Radula 
subg. Radula with full support. The basal bifurcation yielded two clades, one strongly supported containing 
10 terminals, including the generitype R. complanata (in clade G); the other not supported containing the 
remaining 78 individuals (including clades B-F). In clade G three individuals of Radula acutiloba (Figs 2-4) 
were resolved paraphyletic but without support at the base of the clade. 

Sister to G this was a fully supported clade containing several strongly or fully supported monophyla whose 
relationships were unresolved. Several of these monophyla corresponded to morphological entities. 

Radula mittenii Steph. (clade F) was resolved with full support. This species was treated by Renner et al. (2013a) 
as part of the R. buccinifera complex. 

In clade E eleven individuals from Fiji were resolved in a strongly supported clade that shared three distinctive 
features: the lobules on primary shoots have the antical margin reflexed on line perpendicular to stem, 
and interior margin reflexed on line parallel with the stem; the leaf lobes are almost rectangular in outline; 



112 Telopea 17: 107-167, 2014 Renner 

A 

subg. Radula 

B 
NSW978177 
NSW978100 
NSW970377 
NSW896698 
NSW896681 
NSW896415 
NSW974485 
NSW899756 
NSW970428 
NSW970425 
NSW896659 
NSW895644 
NSW973452 
NSW978103 
NSW974478 
NSW974489 
NSW978127 

R. sp. NSW974485 Figs 31-32 

R. oreopsis Figs 5-7 

R. sp. NSW974485 Figs 31-32 

R. sp. NSW973452 Figs 33-34 

R. sp. NSW974478 Figs 29-30 

R. decurrens Figs 23-24 

D 
NSW889416 
NSW895228 
NSW895234 
NSW978178 
NSW974317 
NSW974481 
NSW974483 
NSW974480 

R. sp. NSW889416 
R. sp. NSW895234 Figs 35-36 

R. sp. NSW974317 Figs 39-40 

R. sp. NSW974481 Figs 37-38 

AK313206 
NSW974490 
AK325678 
NSW889458 
R._c.f._reflexa_ 
NSW974452 
NSW978129 
NSW978121 
NSW970435 
NSW974482 
NSW909504 
NSW896416 
NSW872743 
NSW896726 
NSW896734 
NSW896712 
NSW896687 
NSW896683 
NSW896725 
AK323601 
NSW896677 
NSW978175 
NSW896689 
AK322720 
AK323599 
AK325676 

FijLND220 

R.javanica Figs 8-17 

NSW897206 
NSW909664 
NSW897201 
NSW896665 
NSW896672 
NSW909503 
NSW896685 

R. mittenii 

R. acutiloba Figs 2-4 
NSW976716 
NSW896401 
NSW978099 
R._tokiensis_China_ND003 
R._complanata_USA_ND311 
R._constricta_China_ND004 
R.Jindenbergiana_Madeira_ND063 
R. _qu ad ratajke n ya_N D225 

NSW895197 

NSW974474 R- sp. NSW974474 Figs 27-28 
NSW974472 
NSW974316 
NSW895198 
NSW889291 
NSW889376 
NSW978101 
NSW889374 
NSW974315 
NSW889321 
R._multiflora_French_Polynesia_ND166 
NSW895229 
NSW889516_2 
NSW889516 1 

R. Oceania Figs 25-26 

Fig. 1. Fifty percent majority rule consensus of trees sampled from posterior probability distribution by BEAST, node 

heights are medians from 17856 sampled trees after removing burn in. Letters correspond to clades containing Australasian 

and Pacific species of subg. Radula. Bold branches indicate posterior probability > 0.9. 
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the margin of leaf-lobes on secondary shoots are inrolled and the marginal cells overlap adjacent cells in 
ventral view (Figs 25,26). Female bracts are imbricate, with elliptic-reniform lobules half the area of the lobe 
on the inner-most bract. An individual identified as R. multiflora in the phylogeny of Devos et al. (2011a, b) 
was included in this clade which shares characters with Castle’s Radula Oceania (Castle 1965), whose type 
is from Samoa, including the reflexed leaf-lobe margin on ‘branches’. This name is adopted for this clade, 
though further investigation of the type material is required to confirm the accuracy of this application. 
In a supported sister relationship with R. Oceania is a fully supported monophylum comprised of four 
individuals from Vanuatu and Fiji, distinctive in the imbricate, ampliate lobules on primary shoots lobules 
that have the apex turned outward away from the stem; in the primary and secondary shoot lobules having 

no reflexed margins, and in the ovate leaf-lobes, whose margins on secondary shoots are indexed; and in the 
absence of caducous leaf-lobes (Figs 27, 28). No species name was resolved for this clade here referred to as 
R. sp. NSW974474. 

Sister to clade E (R. Oceania and R. sp. NSW974474) is a supported clade comprising two fully supported 
subclades (clades C + D). Clade C (the larger within the context of our sampling) of these was fully supported, 
and contained 26 individuals of diverse form distributed from tropical Australia through the Pacific. 
Three forms are described below. Firstly, some individuals have leaf-lobes all caducous shortly after maturation, 
and the shoot systems are entirely devoid of leaf-lobes except at the apex of the shoots. Lobules are quadrate, 
and often have the entire free portion reflexed along a line between the antical end of the stem insertion and 
the lobe-lobule junction. Individuals with this morphology were collected in Australia and Fiji, as rheophytes 
(Figs 8-10). They did not group together in the phylogeny. The specimen included as R. c.f reflexa in the 
phylogeny of Devos et al. (201 la,b) has the same morphology and was itself collected as a rheophyte in Fiji. 

Another form in clade C, though not too dissimilar in detail is of rather different appearance due to the absence 
of reflexed lobules and reduced frequency of caducous leaf-lobes. Lobules in this form are reflexed along the 
antical margin only, and this corresponds to the lectotype of R. javanica. Individuals of this morphological 
form were collected in Australia and Fiji as epiphytes within forest (Figs 11-13). Again they did not group 
together in the phylogeny. 

Another form in clade C has larger quadrate lobules with an ampliate interior margin that covers the stem, and 
may be reflexed along the interior margin only. Caducous leaves tend to be localised to secondary branches. 
Individuals with this form were collected in Australia, New Zealand, Vanuatu, Cook Islands as epiphytes and 
lithophytes within forest (Figs 14-16). 

The smaller clade D (sister to clade C) comprised four morphological entities, two of which formed fully 
supported monophyla, although each was represented by only two individuals, another of which formed 
an unsupported monophylum, the fourth of which was represented by a single individual. These four 
morphological entities are described below. 

Radula sp. NSW974481 is characterised by its large, plane, rhombiform lobules without reflexed margins, 
and crenulate leaf-lobe margins, pinnate branching, imbricate leaf-lobes. Three specimens from Vanuatu, 
all collected as epiphytes, were included in the analysis (Figs 37, 38). This morphotype corresponds to a 
monophylum without support (posterior probability = 0.87). 

Radula sp. NSW895234 is characterised by nearly pseudo-dichotomously branched shoot systems whose 
branches are widely spaced, oblong lobules with reflexed interior margin, and apex adpressed against the leaf- 
lobe and stem, particularly when dry, the leaf-lobe margin is flat, and the contiguous leaf-lobes (Figs 35, 36). 
The two individuals in this clade were collected in Fiji as epiphytes in higher elevation forests where they grew 
as pendulous wefts from branches and tree-trunks within forest. They are not known to correspond with any 
type material. 

Radula sp. NSW974317 bears some similarity to R. Oceania. It has oblong leaf-lobes, rhomboid to oblong 
lobules whose interior margin is often reflexed, and whose apex may be reflexed along a line perpendicular to 
the stem. However, female bracts are not closely imbricate and with oblong-elliptic lobules up to one half the 
lobe area (Figs 39,40). Margin of lobes on secondary shoots not inrolled, margin crenulated due to differential 
thickening of medial cell walls. Two specimens, both from the Fijian Island of Kadavu, were collected as 
epiphytes in low-mid elevation forest. 

The fourth entity, R. sp. NSW889416 is apparently different in its flat leaf lobes with margin entire, and large 
oblong lobules with pronounced ampliate interior margin whose antical margin exceeds the lobule apex, are 
imbricate and obscure the stem in ventral view, and have the apex adpressed toward the leaf lobe such that the 
exterior margin has a shallow undulation (no figure). The sampled individual was collected as an epiphyte in 
mid-altitude forest on Viti Levu in Fiji, alongside individuals of R. Oceania. 
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The remaining sampled individuals (17 in total) formed a strongly supported clade (B). Within the clade 
containing sampled individuals was a highly distinctive plant having closely imbricate leaf-lobes, and on 
primary shoots large rotund lobules whose reflexed interior margin still exceeds the opposing stem margin, 
and whose apex is reflexed along a curved line about half-way down the free portion that is lower on the 
interior than the exterior so that the curves alternate and appear to interlock on up primary shoots (Figs 23, 
24). On secondary shoots the lobule interior and antical margins are reflexed but not to the same degree, and 
the leaf lobe margin is plane. In the leaf-lobe and lobule size and shape and in the pattern of lobule reflexion 
this plant matches the type of R. decurrens Mitt., though the type plants of this species are exceptionally robust. 
The sister relationship between R. decurrens and remaining four morphological entities in clade B were fully 
supported. These four entities are described below. 

The next morphological entity within clade B comprised two individuals from Vanuatu in a fully supported 
monophylum (PP = 1.0), and three individuals from Nabukelevu mountain on Kadavu Island, Fiji in another 
fully supported monophylum (PP = 1.0). These individuals strongly resemble R. sp. NSW895234 in their 
contiguous leaf-lobes and relatively small lobules, but are pinnately branched, and the lobules on primary 
shoots have a more ampliate interior margin that may exceed the opposing stem margin. Differences in female 
bract morphology are apparent between sampled individuals, in the present species (jR. sp. NSW974478) 
the bract lobes are closely overlapping (Figs 36, 37), whereas in R. sp. NSW895234 they are divergent and 
spreading. These differences may or may not be consistent. Both individuals in this clade were pendulous from 
trees overhanging a stream at about 800 m asl. Three individuals from Nabukelevu mountain on the Island of 
Kadavu in Fiji form a fully supported monophylum nested within the remaining individuals. These individuals 
are the same morphological entity as Vanuatu individuals, and all are referred to as R. sp. NSW974478. 

The relationships of these two clades to each other and remaining individuals were unresolved. The remaining 
eleven individuals comprised two morphological entities. One was represented by 9 individuals from the Wet 
Tropics of north-east Queensland. This morphological entity is characterised by the ruminate ornamentation 
on the leaf-lobe cell surfaces. This feature is unique, not only within subg. Radula but also within the genus. 
The lobules are rhombiform with an ampliate interior margin exceeding the opposite stem margin, and none 

of the margins are reflexed (Figs 5-7). This form corresponds to no type material, and is described below as 
R. oreopsis M.A.M.Renner. 

The other form was represented by two individuals from Borneo and Vanuatu. This plant bears puncticulate- 
undulate ornamentation. While similar in lobule size and shape the exterior lobule margin has a tendency to 

be shallowly undulate as it is adpressed toward the leaf lobe (Figs 31,32). The two individuals were collected as 
epiphytes. They were nested within R. oreopsis without support, and did not group together in the phylogeny 
though relationships within their clade were largely unsupported. 

Discussion 

What is Radula javanica7 

The molecular phylogeny unites a morphologically heterogeneous array of individuals from across Australasia 
and the Pacific into a single fully supported clade. Unfortunately, no supported monophyla, corresponding to 
any groups defined by morphological or ecological data were resolved within this clade. Individuals variously 
possess character states thought to be diagnostic of R. erigens, R. longispica and R. reflexa in addition to 
R. javanica, according to the current circumscription of these species in this region (So 2006, Renner et al. 
2013b). Variation in ecology and morphology appear correlated to some degree. Individuals with reflexed 
lobule apices, and near complete fragmentation of leaf-lobes on mature shoot sectors (Fig. 8) were collected 
on rocks and logs within waterways, at low altitudes (generally less than 300 m) in Australia and Fiji. These 
individuals have the same morphology as those Australian and Fijian individuals previously determined as 
R. reflexa. Individuals with quadrate-oblong lobules having reflexed lobule apices and interior lobule margins, 
and infrequent caducous leaf production (Fig. 11) were collected on rocks in and around waterways in 
Australia. These individuals have the same morphology as those Australian individuals previously determined 
as R. multiflora. Individuals with large quadrate lobules having an ampliate interior margin and infrequent 
production of caducous leaf-lobes (Fig. 14) were collected as epiphytes at mid altitude (around 500 metres) 
within tropical rainforest on Rarotonga. These individuals correspond with the type of R. cordiloba. Prior to 
the molecular analysis, I was prepared to accept three separate species as occurring in Australia on the basis 
of morphological and ecological evidence, despite morphological continuity and overlap (see Renner et al. 
2013d). The molecular evidence gathered in this study is equivocal with regards to that interpretation. 

There are several explanations for the lack of congruence between morphological and molecular groups. 
At one extreme, incomplete lineage sorting between species of relatively recent origin could explain incongruence 
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between the chloroplast gene tree and the actual species tree. In this case morphotypes correspond to non- 
monophyletic semi-cryptic species. An alternative explanation is that R. javanica comprises a wide-ranging 
species whose populations remain connected via dispersal and colonisation. Colonisation could be frequent 
enough to unify all individuals into what is effectively a single population that exhibits considerable phenotypic 
plasticity, or polymorphism, perhaps generated in some parts of its distribution and then dispersed to others. 
Some intermediate scenario, involving dispersal events between habitat islands occurring on similar timescales 
to divergence events within habitat islands may facilitate the generation and maintenance of polymorphism 
within the metapopulation that exists across the Pacific. Divergence events driven by both selection and drift 
could underly the generation of novel morphotypes, and this generation could be balanced by dispersal 
between habitats prior the acquisition of reproductive isolation. This could explain the co-occurrence of 
morphologically different but ecologically similar individuals, as with the R. reflexa and R. multiflora morphs 
of R. javanica in Australia. However, this study’s sampling of individuals is limited in geographic extent and 
the molecular markers used are indicative of chloroplast lineage only, and while relatively fast evolving, may 
not mutate fast enough to detect very recent divergence events. Molecular markers sensitive to patterns of 
interbreeding, e.g. SSR’s (Ramaiya et al. 2010) could be used to further investigate mechanisms underlying the 
origin and maintenance of morphological variation within what appears to be a single species. Greater specific 
diversity may yet be resolved within the broad circumscription of R. javanica accepted here. 

Molecular data provides some support for the current view that Radula javanica is a morphologically variable, 
ecologically tolerant, geographically widespread species. Individuals corresponding to the type of R. Oceania, 
and several undetermined (possibly undescribed) morphological entities, are not members of the Radula 
javanica clade even though they are currently regarded as synonyms, or would be attributed to R. javanica 
given its current circumscription. Although individuals of R. Oceania have several distinctive morphological 
features, individuals in other clades exhibit only subtle differences in size and shape of leaf-lobes and lobules 
from R. javanica. In addition to polymorphism within R. javanica, subtly differentiated reproductively isolated 
lineages representing semi-cryptic species may be present throughout the Pacific. Both factors complicate 
morphological species circumscription and identification. 

‘Topotype’ material of R. reflexa and R. multiflora was lacking from this study. There were no individuals 
included in this study that were comparable with the types of these two species (R. multiflora: G00282365!; 
R. reflexa: BM! G00046053!). The descriptions and fragmentary types appear to have more to do with each 
other than with anything in Australasia and the Pacific. Given the lack of correspondence with type material 
these species may not be present in sampled regions, and are doubtful synonyms of R. javanica, but more 
conclusive investigation is required to clarify this. 

Far from being diagnosable by single distinctive morphological characters such as the presence or absence of 
caducous leaf-lobes, the presence of reflexed lobule margins, or whether the lobule apex is turned outward 
from the stem, species within Radula subg. Radula may only be separated by subtle differences in leaf-lobe 
and lobule size, shape and orientation. Differences of this nature and degree are not only difficult to describe, 
they are virtually impossible to apprehend independent of molecular data corroborating their significance. 
The species with which these entities must be compared (R. javanica) is itself polymorphic across a broad 
geographic range, which compounds these difficulties to the point of intractability. 

Nowhere is this intractability better illustrated than by comparing R. sp. NSW974478 (Figs 29, 30) and 
R. sp. NSW895234 (Figs 35, 36). These two entities are morphologically distinct from other sampled species 
in Radula subg. Radula by their contiguous leaf lobes, widely spaced secondary branches, and rhombiform 
lobules whose apex is turned slightly outward away from the stem apex. The two species are indistinguishable 
with the exception of branching pattern, which is pinnate in the former and almost pseudodichotomous in the 

latter; and the lobule whose ampliation on the interior margin is slightly more pronounced on primary shoots 
in the former. Although known from a handful of collections each, the two species share similar ecology, 
both form pendulous wefts that hang from branches and trunks over waterways in mid elevation tropical 
rainforest. Incredibly, the geographic ranges of both overlap - while the former was collected in Vanuatu only, 
the latter was collected in Vanuatu and Fiji. Hence, these two morphologically similar, ecologically equivalent, 
sympatric but reproductively isolated and relatively unrelated species may co-occur on Vanuatu and elsewhere 
in the Pacific. Whether their morphological similarity is due to convergence under selection, drift through 
morphospace, or some other process is not known. Presumably both species share a derived morphology, but 
even this remains untested. 

Another character state almost certainly derived within Radula subg. Radula is the ruminate ornamentation 
present on the surface of leaf-lobe cells in R. oreopsis. This feature is unique to R. oreopsis among sampled 
species. The geographic restriction of ruminate surface ornamentation to individuals from the Wet Tropics 
of Queensland, and the presence of other more subtle morphological differences between individuals from 
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the Wet Tropics of Queensland and close relatives from overseas builds a strong case for recognition of 
R. oreopsis despite the fact that it is rendered paraphyletic (sensu Nelson 1971) by individuals from Borneo, 
Vanuatu, and Fiji. These comprise two morphological entities, one individual of which is nested among 
R. oreopsis individuals with support, the other relationships are unsupported. Weak phylogenetic signal may 
explain the lack of support, sequence evolution maybe slow relative to speciation rate (Funk & Omland 2003). 
The three chloroplast markers may not have evolved rapidly enough to diagnose monophyletic groups, and 
both R. oreopsis and R. sp. NSW974485 may be found monophyletic by more sensitive markers. The fact that 
R. oreopsis can be diagnosed by a unique kind of leaf-lobe cell surface ornamentation argues strongly for its 
monophyly within the context of current sampling. However, only a small fraction of Melanesia and Oceania 
was included in this study, both in terms of geographic and specific coverage. More extensive sampling may 
identify other species sharing this character, which may or may not be close relatives of R. oreopsis. The unique 
cell ornamentation in R. oreopsis, but not in close allies hints at rapid morphological evolution. The only time- 
calibrated study of morphological evolution within liverworts, in Leptoscyphus, measured transformation 
rates in millions of years (Devos & Vanderpoorten 2008). 

Speciation and diversification in Pacific Radula 

The Pacific is basically one enormous dispersed archipelago, a multitude of isolated habitat patches. 
The dispersed nature of land within island archipelagos means spatial isolation could contribute to origin and 
maintenance of species diversity across the Pacific. Most of the habitat patches (for both marine and terrestrial 
habitats) were formed by volcanic activity (Nunn 1998), and dispersal and colonization have contributed to 
the biota of many Pacific Islands. Dispersability maybe a key factor determining species range and connectivity 
among populations across the Pacific. In reef fish, another organism group occupying dispersed and often 
isolated habitat patches across the Indo-Pacific, some species show higher levels of connectivity among 
populations than others (Horne et al. 2008). Pelagic larval duration influences population connectivity, and 
species with longer pelagic larval duration typically exhibit higher levels of gene flow and connectivity between 
populations (Bowen et al. 2013). In reef fish with short pelagic larval durations genetic isolation of peripheral 
populations is known (van der Meer et al. 2013). 

Rather than disperse by a water-borne larval stage, bryophytes disperse by air-borne spores and the durability 
of these spores may have similar consequences in bryophytes as pelagic larval duration in reef fish. In 
Radula, as in all liverworts, differences in spore durability between species was demonstrated by van Zanten 
& Gradstein (1988). Spore durability must influence the capacity of species to firstly disperse to isolated 
habitats and secondly remain in genetic contact with parental populations. Many or all the habitat islands 
across the Pacific may be effectively isolated by low spore durability, and what constitutes an isolated habitat 
patch at the periphery of a species distribution may vary between species in relation to their spore durability. 

Effectively isolated habitats may exist in the middle of a species distribution. 

The isolation of peripheral populations may promote divergence (Mayr 1942). Newly isolated populations 
possess a subset of alleles from the parental population and if the peripherally isolated population is initially 
small and local, under drift alleles will be lost from this population at a faster rate than in the parental 
population. Divergence occurs as allele frequencies change, and novel characteristics may become fixed rapidly 
particularly when population size is small (Vanderpoorten & Long 2006). 

Divergence through isolation of peripheral populations may be mediated by drift or selection. Ecological 
factors may operate within islands to drive divergence between subpopulations of colonists. Two species 
of Howea palm on Lord Howe Island are thought to have diverged in sympatry (Savolainen et al. 2006). 
Alternative explanations involving earlier allopatric isolation of diverging populations on a younger, larger 

Lord Howe Island have been proposed (Stuessy 2006), but even this scenario does not posit an island large 
enough relative to the spatial scale of wind pollination and bird dispersal in the species involved for effective 
isolation (Savolainen et al. 2006). The processes leading to divergence (rather than the spatial arrangement of 
the products of a divergence event) can be divided into active and passive or neutral processes, where natural 
selection is an active process, and drift is a neutral process. Under selection reproductive isolation may be 
acquired in very short timeframe, and the rapid acquisition of reproductive isolation due to selection has been 

demonstrated in salmon, where significant partial reproductive isolation between river- and lake-spawning 
populations in sympatry was acquired in 13 generations (Hendry et al. 2000). Selection mediated divergence 
despite ongoing gene flow between populations has been documented in Mimulus (Macnair & Gardner 1998). 

Founder flush speciation describes a scenario wherein novel material upon which selection could act is 

generated in colonizer populations by recombination as a result of population expansion from a small pool of 
founding individuals (Templeton 2008), and this may contribute to diversification on newly colonized islands. 
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Embedded daughter species can render parental species paraphyletic, and asymmetrically paraphyletic 
relationships will persist until sorting renders parental species monophyletic (Funk & Omland 2003). 
If dispersal and diversification events occur at rates equivalent to the rate at which species sort to reciprocal 
monophyly, and both are ongoing in space and time a paraphyly disequilibrium may be maintained as the 

normal pattern of phylogenetic relationships between species. This paraphyly disequilibrium would result 
from the dynamics of dispersal and colonization, divergence, and lineage sorting within the context of an 
extended archipelago of isolated habitat patches. This may actually be the case in R. javcmica, in which case the 
gene tree may bear little relevance to evolutionary entities. It seems to be the case in R. oreopsis and its near 
relatives, where Radula oreopsis appears to be a neo-endemic species, isolated either by contraction of tropical 
habitats in northern Australia during dryer glacial periods (Kershaw et al. 2007) or by dispersal. Alternatively 
the species does occur elsewhere, probably Papua New Guinea, but has not been detected. 

If mode and tempo of speciation across the Pacific differs from that in Melanesia, different patterns of 
relationship between species should be apparent. Melanesian sister species might be older, and therefore 
reciprocally monophyletic. If Melanesia exports species to the Pacific, species from the latter should be nested 
within lineages dominated by Melanesian species. If the Pacific also exports diversity back into Melanesia more 
complicated patterns should manifest in gene trees. If the prevalence of reciprocally monophyletic relationships 
between species declines westward across the pacific, phylogenetic diversity may appear to exhibit a decline, 
and Pacific Islands may appear to be evolutionary graveyards from a purely phylogenetic perspective. 

The first step would be a broad survey targeting one or more groups to establish whether patterns of relationship 
between species change in different parts of the Indo-Pacific region. 

Taxonomic implications 

Within Radula subg. Radula across the Pacific, broad species hypotheses have been inferred inappropriately. 
The underestimation of lineage diversity by morphologically based species circumscriptions is now a common 
theme in bryophyte systematics (Shaw 2001; Heinrichs et al. 2009,2010,2011; Vanderpoorten & Shaw 2010). This 
may be due to the species being defined on the basis of gross, often qualitative and often single, morphological 
characters. The lines of strict morphological discontinuity separating species simply do not exist at the level of 
inquiry applied by recent studies. Many subtle yet consistent differences in size and shape, and micromorphological 
and anatomical characters that potentially inform species circumscription have been overlooked. This is becoming 
a theme in bryophyte phylogenetic systematic studies where morphological species diversity often increases in 
lieu of molecular data (Renner et al. 2011; Medina et al. 2012; Renner et al. 2013a) 

Reports of some species for the Pacific and Australasian region having types elsewhere may be in error. No 
individuals exhibiting correspondence with the types of R. multiflora or R. reflexa were sampled by this study. 

Inherent challenges for morphological species circumscription were manifest in this study. Morphological 
variation and polymorphism at the population level can mean that while differences are apparent between 
individuals from the same geographic region, molecular data suggests these are members of the same 
morphologically variable species, as seems the case with R. javanica. In contrast, apparently convergent 
evolution in different lineages means that individuals that share morphological form may not be nearest 
relatives, as appears the case in R. sp. NSW974478 and R. sp. NSW895234; and also in R. Oceania and its 
apparently distinct morphological mimic R. sp. NSW974317. 

The fact that Radula species often exhibit dimorphism in their shoot systems (Renner et al. 2013c) has not 
been explicitly acknowledged in previous studies. Failure to recognize this contribution to intra-individual 
variation may have enhanced the impression of morphological continuity between different species, as lobules 
on primary and secondary shoots can be quite different within individuals, and lobules on secondary shoots 
of individuals belonging to different species can appear more or less similar. 

Extraneous challenges for morphological species circumscription also manifest in this study group. Type 
material is often fragmentary, as in R. multiflora and R. reflexa for example. Often type specimens consist 
of secondary shoots only, which typically exhibit different morphology from primary shoots in pinnately 
branched plants (Renner et al. 2013c), and may not bear characteristics diagnostic of the species. Often types 
are not representative of the morphology of individuals belonging to species they are supposed to represent. 

The protologue and diagnosis of many species described in the 19th and early 20th centuries describe gross 
morphological characters in general terms. Shape differences that might be present in type material, and 
diagnostic of species are generally poorly quantified. Many protologues apply more or less equally well to more 
than one entity. 

Not including collections from type localities in the phylogeny hinders applications of names to entities. 
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Next steps 

The best approach to reconciling observed patterns of variation with species and resolving names may be local. 
Having the opportunity to at least subjectively synthesise ecological data with morphological data, particularly 
patterns of morphological data, may facilitate the resolution of entities within a region as ecology provides 
another source of character data upon which individuals can be grouped, and bryophyte species are often 
well-defined ecologically (Shaw 1985). Local species resolved on the basis of morphological and ecological 
data could be targeted for confirmation and comparison with those from other areas by broader scale studies. 
Workers might provide informal names to entities in their regions, as this study has done, to avoid increasing 
whatever synonymy burden already exists. However, the re-collection of material from type localities will be 

crucial in future attempts to relate entities to names. The broad scale yet fragmentary snapshot captured by 
this study is insufficiently fine-grained to yield conclusive insight into the full complexity of relationships and 
diversity across the Pacific. On the other hand, it does indicate the existence of that complexity. 

Taxonomic Treatment 

Key to species of Radula subg. Radula in Australasia 

The first character presented is usually diagnostic. Other characters are included to: 1) facilitate identification as 
far as possible, 2) identify couplet selection errors at subsequent steps of the key, and 3) aid in the identification 
of species that are not included in this treatment, either because they are novel, or unrelated. Comparison of 
shape characters must be made on the basis of hydrated, slide-mounted material. 

This key does not include Pacific and Melanesian species because the author remains largely ignorant of them 
and any attempt at their inclusion would prove both inadequate and incomplete, and possibly misleading. 

1 Marginal gemmae (always present) irregular discoidal to sub-rugose, abundant from leaf-lobe margin. Caducous 
leaves absent. Living plants clear yellow-green. Shoot systems not obviously dimorphic (subdimorphic in some 
robust individuals growing on the bark of R. grandis), typically irregularly branched, shoot system generally 
tightly adherent to substrate. Leaf-lobe cell surfaces smooth. 2 

1. Marginal gemmae absent. Caducous leaves rare to abundant on mature shoot sectors (evidence of caducous 
leaves takes the form of leaves whose leaf-lobe has dislocated, with the line of dislocation being comparable 
across different leaves whose lobe is missing). Living plants mid- to brown-green or milky yellow-green. Shoot 
systems typically dimorphic, pinnately branched (except R. madagascariensis which has monomorphic irregular 
shoot systems) and generally free of substrate to some degree. Leaf-lobe cell surfaces rugose or ruminate (except 
Radula sp. Moa Island CANB9500187 which has smooth leaf-lobe cell surfaces) . 3 

2 Lobules on primary shoots with obtuse to acute apices, sometimes drawn out into an acuminate tip; 
interior margin ampliate but not overlapping with adjacent lobules. Leaf-lobes plane, shoots complanate 
.Radula acutiloba 

2. Lobules on primary shoots with rounded to obtuse apices, never drawn out into an acuminate tip; interior 
margin ampliate and occasionally overlapping with adjacent lobules. Leaf-lobes concave with inrolled exterior 
margin, shoots flattened-cylindrical . Radula grandis 

3 Leaf-lobe cell surfaces smooth.Radula sp. Moa Island (CANB9500187)* 
3. Leaf-lobe cell surfaces ornamented. 4 

4 Leaf-lobe cell surface ruminate. Lobules flat, broadly triangular. Radula oreopsis 

4. Leaf-lobe cell surface puncticulate to verrucose. Lobules flat or with reflexed margins or apex, rectangular to 
quadrate or rhombiform . 5 

5 Shoot systems monomorphic, irregularly branched, primary shoots relatively small up to 1 mm wide. Leaf-lobe 
cell surfaces verrucose with dense and heavy ornamentation. Lobules rectangular. 
. Radula madagascariensis 

5. Shoot systems dimorphic, pinnately branched, primary shoots relatively large up to 2 mm wide. Leaf-lobe cell 
surfaces puncticulate or rugose with ornamentation. 6 

6 Lobules quadrate, interior margin on primary shoots ampliate, exterior margin parallel with stem, antical margin 

more or less perpendicular to stem, flat. Radula mittenii 

6. Lobules rhombic, interior margin on primary shoots ampliate or not, exterior margin inclined away from stem, 

antical margin inclined toward stem, usually with apex or margins reflexed to some degree. 
Radula javanica 
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Fig. 2. Radula acutiloba Plate A. A: Ventral view of primary shoot (2 mm). B: Dorsal view of primary shoot (500 pm) 

C-E: Primary shoot lobules (250 pm). F-H: Secondary shoot lobules (250 pm). I: Secondary shoot lobe margins (250 pm) 

J: Female bracts (500 pm). All from NSW976176. 
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Fig. 3. Radula acutiloba Plate B. A: Leaf-lobe medial cell surface, showing lack of ornamentation (25 |am). B, D: Transverse 

sections of primary stems (50 pm). C: Leaf-lobe margin (50 pm). All from NSW976176. 

The absence of leaf-lobe cell surface ornamentation in this large, pinnately branched plant with dimorphic shoot 
systems is inconsistent with other members of the Radula subg. Radula crown clade, and may indicate that this 
species belongs in R. subg. Volutoradula. However, this is conjecture and the species is included here because no 
other regional species of Radula subg. Volutoradula are known, and it is phenetically similar to species of Radula 
subg. Radula. Unfortunately, molecular data was not extracted from this specimen 

Radula acutiloba Steph. Hedwigia 28: 271.1889 

Type: Australia, Queensland, F. M. Bailey 37, herb. Brotherus. (FH!, G-14976!). 

Radula papulosa Steph. Journal of the Linnean Society, Botany 29: 272.1892 

Type: “wood beyond Chinese”, Dannevirke, Hawkes Bay, Colenso a. 1643, (lectotype, designated by Castle 
1967: G-22376!; isolectotype: BM000661176!, WELT-H007728!). 

Description [from CANB8002399]: Forming loosely interwoven patches of shoots, yellow-green when fresh 

fading to pale yellow brown in herbarium. Shoot systems irregularly pinnately branched. Shoot systems 
dimorphic, 1.3-1.8 mm wide and up to 40 mm long, branches smaller in stature than parent shoot, typically 
remaining small stature, occasionally attaining similar stature to parent shoot. Older shoot sectors retaining 
leaf-lobes. Stems 110-180 pm diameter, with cortical cells in a single tier of 17-25 rows. Cortical cell walls 
faintly yellow- to brown-pigmented, variable within individuals, typically darker in older shoot sectors, 
external free cortical cell wall continuously and evenly thickened, radial longitudinal cortical walls thin or 
continuously thickened, with or without triangular to bulging trigones; medullary cells in 20-28 rows; walls 
unpigmented to brown-pigmented, variable within populations and even within individual stem, variably 
thickened, from triangular trigones at angles and thin walls between, to large bulging trigones that are 
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Fig. 4. Radula acutiloba Line drawings. A: Lobe marginal cells showing gemmae. B: Lobe medial cells. C: Seven lobules 

from primary shoots. D: Ventral view of primary shoot. E: Dorsal view of primary shoot. F: Lobule apex. G: Five lobules 

from secondary branches. H: Lobule interior margin. J: Cells on dorsal stem surface. K: Transverse stem sections. 

T: Gemmae. All from NSW896401 
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frequently confluent across medial walls (variable within populations), inner tangential walls continuously 
thickened, with or without triangular to bulging trigones. Cortical cells on dorsal stem surface arranged in 
straight longitudinal rows on young and mature shoot sectors. Leaf-lobe exceeding dorsal stem mid-line, 
overlapping across at least one dorsal cortical cell row, dorsal leaf-free strip absent. Leaf insertion attaining 
the ventral stem mid-line or not, leaving zero or one ventral cortical cell rows leaf-free, ventral leaf free strip 
variably present or absent. Leaf lobes rotund 680-1200 pm long by 650-1100 pm wide, imbricate, not falcate, 
acroscopic base not sharply deflexed away from stem, flat to weakly concave, interlocking over the dorsal stem 
surface, stem not visible between leaf lobes in dorsal view; margins irregularly repand and undulate due to 
proliferation of marginal cells, particularly in the youngest mature leaves, becoming erose in older mature 

leaves as gemmae fragment from margin, the interior lobe margin ampliate, usually attaining the opposite 
stem margin, all margins curved; angle between postical lobe margin and keel 150-180°. Lobules quadrate to 
short rectangular, remote to contiguous, one quarter the lobe area, 380-820 pm long by 290-540 pm wide, 
keel straight to scarcely curved or arched, angle between keel and stem 100-120°, keel turning through 30° at 
keel-lobe junction, keel apex and postical lobe margin flush; interior lobule margin free for one third its length, 
free portion ampliate, frequently attaining the opposite stem margin and concealing the stem in ventral view, 
occasionally with a triangular tooth on the interior lobule margin; acroscopic margin straight to arched, apical 
portion inclined inward toward the stem; apex acute to acuminate, free exterior margin straight to shallowly 

curved, margins more or less entire. Lobe-lobule junction postical to the acroscopic end of stem insertion. 
Attached to stem along two-thirds of the interior margin, stem insertion arched, gently curved at acroscopic 
and basiscopic ends, not revolute. Lobule apex bearing a single papilla, with another papilla situated on the 
interior lobule margin above the stem insertion, typically at the apex of an indistinct projection or distinct 
triangular tooth. Leaf lobe cells rounded, arranged in loose rows, uniformly sized, 15-20 pm long and wide, 
thin walled with concave trigones, medial wall thickenings absent. Cells of lobe margin similar in size to those 
of middle, rounded, interior and exterior cell walls not differentially thickened, but marginal cells bulging, and 
proliferating as described above. Leaf lobe cell surface smooth. Oil-bodies one per cell, brown, coarsely rugose, 
ovoidal. Asexual reproduction by subdiscoid gemmae produced from lobe margins, gemmae unistratose, 
variably sized and shaped, with 9-30 cells, when exceptionally large appearing subthalloid. Dioicous (?), sexual 
organs not seen. 

Figs 2-4 

Distribution and ecology: Australia, New Zealand and Papua New Guinea. In Australia Radula acutiloba 
is currently known from several widely separated sites on the central and south-eastern coast, between 
latitudes 24°-38° S. Radula acutiloba inhabits tropical dry rainforest and scrubs, and wet sclerophyll forests. 
It is lithophytic on rocks or epiphytic on tree trunks and branches amongst mosses, lichens and other hepatics. 
It is known to colonise exotic ornamental trees in semi-urban settings, as Mt Wilson in the Blue Mountains 
(New South Wales, Australia). In an unusual situation R. acutiloba grew on cliff face above the beach at East 
Boyd Bay in south-eastern New South Wales. 

In Papua New Guinea R. acutiloba has been collected as an epiphyte in montane rainforest at around 1500 m asl. 

Identification: Radula acutiloba is a distinctive species that is only likely to be confused with a few related 
species that share with it the yellow-green colour and marginal subdiscoid gemmae. It is the only species 
currently known in Australia with this combination of characters. 

The production of subdiscoid gemmae in dense proliferating masses from the leaf-lobe margin is diagnostic 
of Radida acutiloba in Australia. In some cases the leaf lobe marginal cells divide so vigourously that the lobe 
margin becomes undulate due to the increase in marginal length introduced by the dividing cells. Gemmae 
production is initiated on the youngest leaves, and the density and size of gemmae on the leaf lobe margins 
increases rapidly as the leaves age. The majority of gemmae have matured by the fourth pair of leaves from 
the shoot apex. Behind this leaf pair the rate of dissemination must be greater than the rate of production, 
because the density of gemmae on the leaf lobe margin decreases rapidly, leaving the leaf lobe margins on old 
shoot sectors erose, and in some cases torn and fragmented, with few or no gemmae attached to the margins. 
No gemmae are produced from the ventral leaf lobe surfaces. 

In New Zealand another species of subg. Radula, R. grandis Steph., produces subdiscoid gemma. Flowever, the 
gemmae of R. grandis are not produced in the same abundance as in R. acutiloba, and I have never observed 
the leaf-lobe margin undulating in order to accommodate the proliferating marginal lobe cells. Using these 
differences to arrive at a determination is probably best on the basis of experience. Better characters can be 
found in the shape and spacing of lobules. The lobule apex of R. acutiloba is obtuse to acute, whereas in 
R. grandis the lobule apex is rounded. The interior lobule margin is often angular, sometimes with a distinct 
point on the ampliate portion, while in R. grandis the interior lobule margin is rounded. On primary shoots 
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the lobules of R. acutiloba are contiguous to slightly imbricate and do not overlap the stem completely, whereas 
in R. grandis the lobules are densely imbricate and overlap the ventral stem surface completely 

Radula acutiloba is similar to several other gemmae-producing species belonging to subg. Radula, including 
the generitype R. complanata. While R. complanata is readily identified by its monoicy, other species such as 
R. constricta may be more difficult to distinguish. One specimen of R. constricta examined had distinctly 
crenulate leaf-lobe margins and bulging leaf-lobe cells, however whether this is consistent within Asian 
populations of the species, and therefore represents a fixed morphological difference between these species 
is not known. Currently the most robust character upon which determination can be based is provenance. 
Radula acutiloba is the only member of gemmae-producing subg. Radula species currently known from Papua 

New Guinea and Australia, while in New Zealand its distribution overlaps with R. grandis, as noted above. 

Variation: Within individuals increasing lobule size is associated with sharper apices and more pronounced 
angular projection on the interior lobule margin. Lobule size is correlated with shoot stature, which can differ 

within and between individuals. Larger shoots possess leaves with large lobules and these tend to have acute 
apices and pronounced angular interior margins. Individuals from Papua New Guinea tend to have reflexed 
antical lobule margins. 

Remarks: The relationships between R. acutiloba and extraterritorial species require investigation in a global 
context. The species is morphologically similar to all other members of its clade, however is distinguishable 
from some on the basis of micromorphological characters. Some Chinese specimens of R. constricta have 
distinctly bulging leaf-lobe cells, and a crenulate leaf-lobe margin, features not observed in Australasian 
specimens, that may support the maintenance of separate species status. 

Nomenclature: Radula papulosa was synonymised with R. acutiloba by Yamada (1987). This was followed by 
So (2005) but not by Renner (2005) or Meagher and Fuhrer (2003). 

Specimens examined: Papua New Guinea: Western Highlands: Kagamuga, 10 km E of Mt Hagen, 5° 51' S 144° 19' E, 

1580 m, 22 Jun 1982, H. Streimann 20462 (CANB8212405); H. Streimann 20464 (CANB8212407); Eastern Highlands: 

Lapegu, 6 km SW of Goroka, 6°06'S 145°20'E, 1520 m, 11 Apr 1982, H. Streimann 18410 (CANB8204190). 

Australia: Queensland: Burnett: Hurdle Gully, 14 km WSW of Monto, 24° 54' S 149° 58' E, 300 m, 16 Jan 1980, 

H. Streimann 9871 (CANB8002399); H. Streimann 9873 (CANB8002401); H. Streimann 9880 (CANB8002408); New 

South Wales: Northern Tablelands: Oxley Wild Rivers National Park, Chandler River, 100 m downstream of track 

from Checks Lookout, 30°32'30"S 152°01'26"E, 540 m, 1 Jan 2012, M.A.M. Renner 5889 (NSW976716); Hillgrove Gorge 

[near Armidale], 30°33'35"S 151°53'17"E, 2 Nov 1903, WVL Watts 754 (NSW764131); Hillgrove Gorge, 30° 34'S 151°54'E, 

Nov 1903, W.W. Watts 754 (NSW764131); Central Tablelands: Mount Wilson, roadside trees, just above Zig-Zag, 

33°30'S 150° 23'E, 18 Jun 1983, W.B. Schofield 79482, H.P. Ramsay & Ml. Schofield (NSW379103); Mount Wilson, 23 km 

NNE of Katoomba, 33° 31' S 150° 21'E, 980 m, 1 Nov 1984, H. Streimann 31539 (CANB734323); Central Coast: Blue 

Mountains National Park, Coxs River, Breakfast Creek, Carlon Creek south of Ironpot Ridge and Green Gully, 33° 47' 53" S 

150° 13' 19" E,400 m, 8 Jan 2012,M.A.M. Renner 5890 & J. Bevan, (NSW978099); South Coast: East Boyd Bay, 5 km S of Eden, 

37° 7'S 149° 54' E, 2 m, 25 Mar 1977, H. Streimann 4542 (CANB7706914). 

New Zealand: North Island: Alton, Wairoa, June 1935, E.A. Hodgson (CHR-H4341, FH00284640); ‘from Glenroys’, 

W. Colenso a.1450 (BM000661175); Wellington District, Southern Hawke Bay, Waipukurau, A’Deane Bush Scenic Reserve, 

39° 55' 57" S 176° 17' 59" E, 290 m, 21 Feb 2012, M.A.M. Renner 6262 (NSW896401); Wellington District, Ahi Paku Station 

30 km east of Tauherenikau, Whakarua Road, Tawhiriwaimanuka Stream, 42°21'S 175°25'E, 26 Nov 2001, V Stajsic 3171 

(MEL2181419). 

Radula oreopsis M.A.M.Renner sp. nov. 

Type: Australia, Queensland, Cook, Daintree National Park, Mossman Gorge, Rex Creek, upstream from 
swingbridge, 16° 28' 13" S 145° 19' 42" E, 105 m, 24 Mar 2012, M.A.M. Renner 6270, V.C. Linis & E.A. Brown 
(holotype: NSW896415, isotypes: BRI, F). 

Diagnosis: Distinctive in the ruminate ornamentation of the leaf lobe cell surfaces, a feature unique among 
Australasian species and possibly the genus; the asymmetrically rhomboid lobules imbricate on primary 
shoots and obscuring the stem in ventral view, the milky yellow green colour in life, the large size, with shoots 
up to 3 mm width and the regularly pinnate branching. 

Description (from MEL2277389; NSW896415, 899756): Forming extensive opaque yellow green sheets of 
interwoven pendulous shoots on tree trunks and rocks, dark-brown in herbarium. Shoot systems regularly 
pinnate, dimorphic, with primary shoots 2.5-3 mm wide and up to 80 mm long, secondary shoots smaller 
in stature, typically 2-2.5 mm wide. Stems 280-330 pm diameter on primary shoots, with cortical cells in a 
single tier of 48-60 rows; cell walls brown pigmented, with heavy (very thick) but discontinuous secondary 
thickenings that constrict the cell lumen. Medullary cells in 140-160 rows; cell walls yellow pigmented, heavily 
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Fig. 5. Radula oreopsis Plate A. A: Ventral view of primary shoot (2 mm). B: Dorsal view of primary shoot (500 pm) 

C-E: Primary shoot lobules (250 pm). F-H: Secondary shoot lobules (250 pm). I: Secondary shoot lobe margins (250 pm) 

J: Female bracts (500 pm). A-I from NSW896698, J from NSW896415. 
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but discontinuously thickened by coarse nodular trigones, occasionally confluent but thin walls common 
between thickenings, that constrict the cell lumen. Cortical cells on dorsal stem surface arranged in an oblique 
zig-zag on young shoot sectors, cell elongation somewhat obscuring this pattern in mature shoot sectors. Leaf 
insertion exceeding dorsal stem mid-line, insertion lines interlocking over two dorsal cortical cell rows; not 
attaining ventral stem mid-line, leaving two cell rows leaf-free. Leaf lobes on primary shoots ovate-falcate, 
1370-1630 pm long by 810-1000 pm wide, on secondary shoots ovate, 970-1160, pm long by 600-750 pm 
wide, contiguous to weakly imbricate, acroscopic base plane, leaves weakly convex, interlocking over the dorsal 
stem surface, stem obscured in dorsal view; lobe margins irregular in outline but entire, the interior lobe 
margin ampliate, extending beyond opposite stem margin, at times sharply curved, minutely auriculate at 
base or not, antical margin shallowly curved then straight, exterior margin narrowly to broadly rounded, 
postical margin straight, to gently arched. Lobules on primary shoots one quarter to one third of lobe area, 
broadly and asymmetrically rhombiform, 750-920 pm long by 630-740 pm wide, keel shallowly arched, angle 
between keel and stem 135°, keel turning through 45-90° at apex, interior free margin ampliate, curvature 
more or less continuous from apex, gentle at first, increasing toward base, though occasionally antical margin 
straight for short distance, lobule apex obtuse; attached to stem along 0.25-0.3 of the interior margin, stem 

insertion straight, slightly arched at acroscopic end; with three papillae, one at the apex, two on the interior 
margin, one situated just below the midpoint of the interior lobule margin, the other immediately above the 
stem insertion; on secondary shoots smaller than lobules on primary shoots, one fifth to one quarter the lobe 

area, symmetrically to asymmetrically rhombiform, 600-760 pm long by 340-540 pm wide, keel straight to 
shallowly arched, angle between keel and stem 135°, keel turning through 45-55° at the apex, interior free 
margin curved to weakly ampliate, apex obtuse. Leaf lobe cells rotund to rounded-oblong, 21-27 pm long, 
17-22 pm wide, thin walled with concave to triangular trigones, medial wall thickenings absent; cells of lobe 
margin smaller than those of leaf middle, quadrate to rectangular, 14-20 pm long by 13-16 pm wide, long 

axis orientated parallel to lobe margin, exterior cell walls slightly thickened medially, thickening projecting 

Fig. 6. Radula oreopsis Plate B. A: Leaf-lobe margin (50 pm). B: Transverse section of primary stem (50 pm). C, D. Leaf- 

lobe medial cell surface, showing ruminate ornamentation (25 pm). All from NSW896698. 
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Fig. 7. Radula oreopsis Line drawings. A: Lobe marginal cells. B: Lobe medial cells. C: Four lobules from primary shoots. 

D: Ventral view of primary shoot. E: Dorsal view of primary shoot. F: Lobule apex. G: Five lobules from secondary branches. 

I: Archegonium. J: Cells on dorsal stem surface. K: Transverse stem section. L: One separated and one unseparated pair of 

female bracts. N: Cell detail of perianth mouth. O: Perianth bearing shoot. P: Longitudinal section of perianth-perigynium 

junction. Q: Longitudinal section of perianth. R: archegonia on gynoecial disc encompassed by protoperianth and flanked 

by two micro-bracts. S: An abbreviated micro-bract. 
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outward so margin is indistinctly crenulate. Cell surface with ruminate ornamentation, bearing ridges with 
irregular profile and size that impart an irregular, eroded honeycomb appearance to the surface. Oil-bodies 
not known. Asexual reproduction by caducous leaves, leaf-lobes fragmenting into irregular pieces until entire 
lobe dislocated, older shoot sectors sometimes devoid of leaf-lobes. Dioicous. Androecia not seen. Gynoecia 
terminal on axes, with one pair of female bracts subtended by typically one but occasionally two full-sized 
subfloral innovations that may again be fertile. Archegonia 160-200 pm tall, archegonia neck of 5 cell tiers, 
cells regularly arranged, 17-20 per gynoecium situatued on a small raised disc of tissue encompassed by the 
base of the protoperianth. A pair of highly reduced accessory gynoecial bracts present, attached to the lateral 
sides of the disc immediately outside the protoperianth, typically ovate, 25 cells high and 10-15 cells wide, 
occasionally filiform, two cell tiers wide and spirally twisted, apex bearing a single papilla. Normal gynoecial 
bracts in one pair subequal, ovate-falcate, lobes 1300-1570 pm long by 890-940 pm wide, lobules subreniform, 
one third the lobe area, apex broadly rounded to obtuse, keel arched, insertion interlocking both dorsally and 
ventrally, insertion equitant. Perianth to 4000 pm long, to 1200 pm wide at mouth, mouth entire but outline 
irregular, parallel sided for upper three quarters, narrowing to a tubular low stem perigynium. Perianth walls 

bi- or tristratose at junction with calyptra, becoming unistratose above but with bistratose bands extending 
up to half way up perianth, increasing in width toward base. Low stem perigynium present, 5 or 6 stratose, cell 
walls heavily thickened and brown-pigmented, perianth-calyptra fusion elevated above female bracts on about 
10 tiers of cells. Calyptral perigynium present, 5-stratose at base, strata progressively lost, unistratose above, 
unfertilised archegonia elevated on surface of calyptra. 

Figs 5-7. 

Etymology: Mountain-like, in reference to the surface ornamentation on leaf-lobe cells. 

Distribution and ecology: Endemic to Australia, where known from the Wet Tropics Bioregion of north¬ 
eastern Queensland. Occurs between around 100 and 900 m asl as an epiphyte on tree trunks and branches or 
a lithophyte on the sides of large boulders within forest. Radula oreopsis is not uncommon in the Wet Tropics, 
and can be a conspicuous component of the non-vascular plant community in some forests, where it forms 
extensive, often pure, milky yellow-green sheet-like wefts that hang loosely from vertical surfaces. Shoots, 
particularly older sectors, are often host to a range of micro-species belonging to the Lejeuneaceae, including 
Cololejeunea and Drepanolejeunea. It may occur admixed with R. javanica, R. jovetiana, R. loriana, R. mittenii, 
and R. myriopoda, and a cornucopia of other large sylvestral bryophytes. 

Identification: Radula oreopsis is a fairly distinctive species that can be recognized in the field with care. 
Its outstanding feature is the ruminate ornamentation on the leaf-lobe cell surface. So far as is known, ruminate 
ornamentation is unique to R. oreopsis, and therefore distinguishes it from all other species with which it could 
be confused (and there are many). While best viewed under 1000 x magnification, the ornamentation imparts 
a milky-yellow colouration to living plants which while distinctive and observable in the field, is not unique. 
Living plants of Radida mittenii Steph., another Australian species with ornamented leaf-lobe cell surfaces are 
also milky-yellow in life. Radula oreopsis can be distinguished from R. mittenii by lobule shape and spacing, 
which are broadly and asymmetrically rhombiform with an ampliate interior margin, a stem-insertion 
0.25-0.3 x the interior length, an exterior margin inclined toward the stem, and an antical margin inclined 

in R. oreopsis. In R. mittenii the lobules on primary shoots are more or less quadrate, attached to stem along 
0.4-0.5 x the interior length, the exterior margin is more or less parallel to stem and the antical margin is more 
or less perpendicular to it. 

Radula oreopsis is superficially similar to R. sharpii K.Yamada from Papua New Guinea, however is readily 
differentiated by the leaf cell surface ornamentation, ruminate in R. oreopsis, rugose in R. sharpii. Lobule shape 
exhibits subtle differences, a small auricle is present on the lobule of R. sharpii at the lobe-lobule junction, 
such that the lobule margin extends postical of the lobe margin at the junction. The lobe-lobule junction of 
R. oreopsis does not have this feature. 

Remarks: Most Australian specimens of R. oreopsis collected prior to this study were not ascribed to any 
species, however several specimens collected by Hicks in the Mossman Gorge were the basis of Yamada’s 
Australian record of R. sharpii. 

Specimens examined: Australia: Queensland: Cook: Daintree National Park: Mossman River Gorge, 16° 26' S 145° 

16' E, 28 Jun 1983, W.B. Schofield 79961 & M.I. Schofield (BRI-AQ735495, 539968-539970; CANB619258, 672125.1; 

MEL2277389; NSW428041, 428043); Mossman River Gorge, 4 miles W of Mossman, 16° 28' S 145° 16' E, 19 Apr 1968, 

W.A. Weber B-31788 (CANB302185); Mossman Gorge Section, Mossman River, 16° 28' S 145° 13' E, 120 m, 12 August 1995, 

E.A. Brown 93/305, B.M. Weicek&K.L. Radfiord (NSW390567); Rex Creek, 16° 28' S 145° 19' E, 10 Jul 2005, M.A.M.Renner 

2037 & E.A. Brown (NSW872742); 16° 28' 11" S 145° 19' 37" E, 105 m, 24 Mar 2012, M.A.M. Renner 6289, V.C. Linis & 

E.A. Brown (NSW896675); M.A.M. Renner 6292, V.C. Linis & E.A. Brown (NSW896681); Rex Creek, upstream from swing 
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bridge, 16° 28’ 13" S 145° 19’ 42” E, 105 m, 24 Mar 2012, M.A.M. Renner 6280, V.C. Unis & E.A. Brown (NSW896663); 

16° 28’ 12” S 145° 19’ 37” E, 128 m, 24 Mar 2012, M.A.M. Renner 6303, V.C. Unis, & E.A. Brown (NSW896692); M.A.M. 

Renner 6305, V.C. Linis & E.A. Brown (NSW896694); M.A.M. Renner 6309, V.C. Linis & E.A. Brown (NSW896698); 

Lamb Range, 22 km NE of Atherton, Mt Haig Road, Kauri Creek, 17° 08' S 145° 36' E, 800 m, H. Streimann 29866 

(CANB8408221); Babinda Falls (‘The Boulders’), 17° 20' S 145° 50' E, 26 Jun 1983, W.B. Schofield 79818 & M.I. Schofield 

(BRI-AQ539972; MEL2279313,2277365; NSW428040); Wooroonooran National Park: South Johnston River, McMillan Creek 

catchment, Gorrell Track c. 2 km S of South Johnston River picnic area (old forestry camp), 17° 40' 19" S 145° 43' 38" E, 

600 m, 6 Apr 2013, M.A.M. Renner 6562, V.C. Unis & E.A. Brown (NSW970433); 17° 40' 26" S 145° 43' 58" E, 600 m, 

6 Apr 2012, M.A.M. Renner 6572, V.C. Linis & E.A. Brown (NSW970425); M.A.M. Renner 6574, V.C. Linis & E.A. Brown 

(NSW970428); South Johnston River catchment, Gorrell Track, 17° 40' 32" S 145° 44' 18" E, 560 m, 6 Apr 2012; M.A.M. 

Renner 6581, V.C. Linis & E.A. Brown (NSW970377); South Johnston River catchment, Maple Creek, Maple Creek Road, 

17° 42' 06" S 145° 40' 22" E, 600 m, 5 Apr 2012, M.A.M. Renner 6543, E.A. Brown & V.C. Unis (NSW899756); NORTH 

KENNEDY: Tully Gorge State Forest, 17° 45' S 145° 39' E, 300 m, 2 August 1995, E.A. Brown 95/136, B.M. Wiecek & K.L. 

Radford (NSW390395). 

Radulajavanica Gottsche Synopsis Hepaticarum 2: 257.1845 

Type: Caroline Islands, Kusaie (Ualan) Island, 1825, Strong, comm, by R.P. Lesson, lectotype (designated by 
Castle (1966): in Herb. Gottsche (B); isolectotypes: ex Herb Bescherelle (BM!), Herb. Muse. Paris (PC) 

Radula cordiloha Taylor Journal of Botany 5: 375.1846 

Type: Pacific Isles, T. Nightingale, herb. Hooker (BM!). 

Radula erigens (M.A.M.Renner & Braggins) M.A.M.Renner syn. nov. 

Radula cordiloha Taylor subsp. erigens M.A.M.Renner & Braggins Journal of the Hattori Botanical Laboratory 
97: 45. 2005 

Type: New Zealand, Kermadec Islands, Raoul Island, 1956, R. Cooper, (holotype: AK44347 [ex AKU63120]! 
isotype: CHR!). 

Morph 1: Rheophytic plants with reflexed lobule apices and copious caducous leaf production. 

Description [from BRI-AQ722868]: Forming extensive pure sheets of interwoven pendulous shoots on rocks 
within and around waterways. Yellow-green in life, light-brown in herbarium. Shoot systems dimorphic, 
regularly pinnate, becoming irregularly bipinnate and densely branched with age, primary shoots 1.2-2 mm 
wide and up to 60 mm long, secondary shoots smaller in stature. Stems 250-310 pm diameter on primary 

shoots, with cortical cells in a single tier of 44-52 rows, cell walls yellow-brown pigmented, heavily and 
continuously thickened, thickenings constricting the cell lumen; medullary cells in 104-120 rows, cell walls 
yellow-pigmented, heavily and continuously thickened by confluent coarse nodular trigones that partially 
constrict the cell lumen, thin walls rare between thickenings. Cortical cells on dorsal stem surface arranged in 
an oblique zig-zag on young shoot sectors, cell elongation somewhat obscuring this pattern in mature shoot 
sectors. Leaf insertion exceeding dorsal stem mid-line, insertion lines interlocking over two dorsal cortical cell 
rows. Leaf lobes broadly elliptical, 790-880 pm long by 510-660 pm wide on primary shoots, 540-750 pm long 
by 410-550 pm wide on secondary shoots, remote to contiguous, acroscopic base not sharply deflexed away 
from stem, leaves flat to weakly convex, not interlocking over the dorsal stem surface, stem visible between 

leaf lobes in dorsal view, margins irregular, entire to crenulate due to slightly bulging marginal cells, bearing 
marginal rhizoids, the interior lobe margin curved, not auriculate, antical margin shallowly curved, exterior 
margin broadly rounded, postical margin gently curved or substraight. Lobules on primary shoots subquadrate, 
typically one twelfth to one sixth the lobe area, 380-645 pm long by 340-535 pm wide, keel straight or shallowly 
arched except at apex, closely pressed against the stem at the base, angle between keel and stem 160-180°, keel 
abruptly turning through 90-100° at the apex, interior margin free for two thirds its length, free portion 

ampliate, acroscopic margin straight or shallowly sigmoidally curved, inclined to shoot axis, apex obtuse; lobe- 
lobule junction antical to acroscopic end of stem insertion; lobules on mature shoot sectors have the free apical 
portion markedly reflexed along the line between the lobe-lobule junction and the top of the stem insertion, 
the reflexed portion pointing backward and outward from the shoot axis; attached to stem along 0.3-0.4 of 
the interior margin, stem insertion S-shaped, not or gently revolute at acroscopic end; lobule apex bearing a 
single papilla, with another papilla situated on the interior lobule margin above the stem insertion; lobules on 
primary shoots larger, with more ampliate free interior margins, and more pronounced deflexion than those 
on secondary shoots. Lobules on secondary shoots rhomboid, one twelfth to one nineth the lobe area, keel 
shallowly curved, straight or shallowly arched angle between keel and stem 135°, keel turning through 45-55° 
at the apex, interior free margin not ampliate, acroscopic margin curved or S-shaped, inclined to shoot axis, 
apex obtuse to acute. Leaf lobe cells subquadrate to rounded-oblong, irregularly arranged and of mixed sizes, 
12-23 pm long by 12-17 pm wide, thin walled with small concave trigones, medial wall thickenings absent; 
cells of lobe margin smaller than those of mid-lobe, quadrate to rotund, 9-15 pm long and wide, exterior cell 
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Fig. 8. Radula javanica rheophytic morph Plate A. A: Ventral view of primary shoot (2 mm). B: Dorsal view of primary 

shoot (500 pm). C-E: Primary shoot lobules (250 pm). F-H: Secondary shoot lobules (250 pm). I: Secondary shoot lobe 

margins (250 pm). J: Female bracts (500 pm). All from NSW978121. 
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walls not thickened bulging medially, imparting weakly crenulated appearance to lobe margin. Leaf lobe cell 
surface weakly bulging, bearing puncticulate ornamentation. Oil-bodies not known. Asexual reproduction 

by caducous leaf lobes, shed shortly after leaf maturation, older shoot sectors on leading stems and branches 
totally devoid of leaf-lobes, leaf lobes apparently dislocating whole, fragmentation scars jagged but regular, 
shoot primordia not forming as irregular buds on leaf lobe prior to dislocation, but marginal rhizoids are 
produced before dislocation. Dioicous. Androecia on indeterminate branches that continue vegetative growth, 
androecial bracts in 4-8 pairs, lobules epistatic, keel deeply curved, bucket-like, free apical portion triangular, 
apex obtuse, moderately deflexed, lobes rounded, usually caducous, antheridia not seen. Gynoecia terminal 
on branches, never produced from leading shoots, with one pair of female bracts subtended by one or two 
full sized subfloral innovations that are again fertile. Where a single subfloral innovation is present, a ‘resting’ 
shoot primordium occurs in place of the second sub floral innovation. Archegonia 160-200 pm tall, archegonia 
neck seven to eight cell tiers, 14-15 per gynoecium on a small raised disc of tissue encompassed by the base 
of the protoperianth surrounding archegonia. Female bracts in one pair, subequal, elliptic-falcate, lobes 

730-1040 pm long by 410-530 pm wide, lobules oblong-falcate, one half the lobe area, apex rounded, keel 
weakly to strongly arched, insertion interlocking dorsally, insertion equitant. Perianth walls unistratose above, 
with bistratose bands extending from half way up perianth, increasing in width and becoming confluent toward 

the perianth base, perianth walls progressively increasing in thickness toward base where 2 or 3 stratose; low 
stem perigynium present, 5-6 stratose, cell walls heavily thickened and brown-pigmented, perianth-calyptra 
fusion elevated above female bracts on 9-15 tiers of cells; calyptral perigynium present, 2-4 stratose at base, 
strata progressively lost, unistratose above, unfertilised archegonia elevated on surface of calyptra. 

Figs 8-10 

Morph 2: Lithophytic plants in forest or streamsides with reflexed lobule interior margin and apex. 

Fig. 9. Radula javanica rheophytic morph Plate B. A: Ventral view of perianth (1 mm). B: Transverse section of primary 

stem (50 pm). C: Leaf-lobe margin (50 pm). D. Leaf-lobe medial cell surface, showing rugose ornamentation (25 pm). 

All from NSW978121. 



Radula subgenus Radula in Australasia Telopea 17: 107-167, 2014 131 

V*Ojj 

Fig. 10. Radula javanica rheophytic morph Line drawings. A: Lobe marginal cells. B: Lobe medial cells. C: Eight lobules 

from primary shoots. D: Ventral view of primary shoot. E: Dorsal view of primary shoot. F: Lobule apex. G: Five lobules 

from secondary branches. I: Archegonium. J: Cells on dorsal stem surface. K: Transverse stem section. L: One separated 

and one unseparated pair of female bracts. T: Mature sector of primary shoot showing recurved lobule apices. All from 

NSW978121. 
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above the stem insertion; lobules on primary shoots larger, with more ampliate free interior margin and 

more pronounced reflexion and undulation than those on secondary shoots; lobules on branches rhomboid, 
one seventh to one sixth the lobe area, keel shallowly arched, angle between keel and stem 135°, keel turning 
through 45°, interior free margin not ampliate, variously reflexed from apex to base of interior free margin 
in one or two bites, in part or in full so as to point backward along shoot axis, apex obtuse to acute. Leaf lobe 
cells rounded-oblong, regularly arranged in loose rows, unequally sized, 16-34 pm long by 12-16 pm wide, 
thin walled with triangular trigones, medial wall thickenings absent; cells of lobe margin smaller than those of 
leaf middle, quadrate to rectangular, 9-15 pm long and wide, exterior cell walls not thickened, cell lumen not 
bulging medially. Leaf lobe cell surface weakly bulging, bearing puncticulate ornamentation. Oil-bodies not 
known. Asexual reproduction by caducous leaf lobes, sporadic, shoots progressively loosing leaf-lobes through 
fragmentation, older shoot sectors on leading stems and branches may be totally devoid of leaf-lobes but some 
leaf-lobes may be retained, leaf-lobes typically tearing into several pieces, fragmentation scars jagged, irregular, 
typically leaving part of basiscopic leaf margin attached beyond keel, shoot primordia not forming as irregular 
buds on leaf lobe prior to leaf dislocation. Dioicous. Androecia on indeterminate branches that continue 
vegetative growth, androecial bracts in 4-8 pairs, lobules epistatic, keel deeply curved, bucket-like, free apical 
portion triangular, apex obtuse, moderately deflexed, lobes rounded, not usually caducous, antheridia not 
seen. Gynoecia terminal on branches, never produced from leading shoots, subtended by one or two full 
sized subfloral innovations that are again fertile. Where a single subfloral innovation is present, a ‘resting’ 
shoot primordium occurs in place of the second subfloral innovation. Archegonia 160-210 pm tall, archegonia 
neck seven to eight cell columns, 16-25 per gynoecium on a small raised disc of tissue, not encompassed 
by the protoperianth, protoperianth absent. Female bracts in one pair, asymmetrical, elliptic-ovate, larger 
lobe 940-1090 pm long by 510-640 pm wide, smaller lobe 880-1010 pm long by 460-590 pm wide, lobules 
oblong-falcate, one third to one half the lobe area, apex rounded or obtuse, keel arched to curved, insertion 
interlocking dorsally and ventrally, insertion equitant. Perianths 4200-4700 pm long and 1050-1200 pm at 
mouth, mouth irregularly lobed, parallel sided for upper two thirds, widening to a faint bulb in basal third, 
broadest in middle of this bulb 1200-1350 pm wide, then tapering to base. Perianth walls unistratose above, 
with bistratose bands extending from half way up perianth, increasing in width and becoming confluent toward 

the perianth base, perianth walls progressively increasing in thickness toward base where 2-3 stratose; low 
stem perigynium present, 5-6 stratose, cell walls heavily thickened and brown-pigmented, perianth-calyptra 
fusion elevated above female bracts on 9-15 tiers of cells; calyptral perigynium present, 2-4 stratose at base, 
strata progressively lost, unistratose above, unfertilised archegonia elevated on surface of calyptra. 

Fig 11-14 

Morph 3: Epiphytic or lithophytic plants in forest, with more or less flat lobules. 

Description [AK323601]: Forming extensive pure sheets of interwoven pendulous shoots on tree and palm 
trunks and on rocks. Live plants mid to dark green, brown in herbarium. Shoot systems dimorphic, regularly 
pinnate, becoming irregularly bipinnate in older sectors, with primary shoots 1.9-2.8 mm wide and up to 80 
mm long, secondary shoots smaller in stature than primary shoots. Stems 350-500 pm diameter on primary 

shoots, with cortical cells in a single tier of 40-60 rows, cell walls yellow-brown pigmented, heavily and 
continuously thickened, thickenings constricting the cell lumen; medullary cells in 95-160 rows, cell walls 
yellow-pigmented, heavily and continuously thickened by confluent coarse nodular trigones that partially 
constrict the cell lumen, thin walls rare between thickenings. Cortical cells on dorsal stem surface arranged 
in straight longitudinal row on young and mature shoot sectors. Leaf insertion exceeding dorsal stem 
mid-line, insertion lines interlocking over two dorsal cortical cell rows, insertion not attaining the ventral stem 
mid-line, leaving one or two ventral cortical cell rows leaf-free. Leaf lobes elliptic-oblong, sometimes very 
slightly ovate, 1300-1530 pm long by 740-1050 pm wide on primary shoots, 820-1290 pm long by 575-790 
pm wide on secondary shoots, imbricate, acroscopic base not sharply deflexed away from stem, flat to weakly 
convex, interlocking over the dorsal stem surface, stem not visible in dorsal view, margins entire, the interior 
lobe margin curved, reaching and usually extending slightly beyond opposite stem margin, not auriculate, 
antical margin shallowly curved to straight in the outer half, exterior margin rounded, postical margin gently 
curved or substraight. Lobules on primary shoots subquadrate, one sixth to one fifth the lobe area, 580-940 
pm long by 450-700 pm wide, keel straight to arched, angle between keel and stem 135°, keel turning through 
90° mostly at the ends, interior lobule margin free for one half to two thirds its length, free portion ampliate, 
occasionally reflexed, on larger shoots fully covering stem, obscuring most of the stem in ventral view, 
acroscopic margin straight, usually inclined toward stem axis, not reflexed, apex obtuse, free exterior margin 
with a shallow undulation, the medial part of margin depressed; lobe-lobule junction approximately level with 
the acroscopic end of stem insertion, stem insertion shallowly S-shaped, gently revolute at acroscopic end; 
lobule apex bearing a single papilla, with another papilla situated on the interior lobule margin above the stem 
insertion; lobules on primary shoots larger, with more ampliate free interior margin and more pronounced 
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Fig. 11. Radula javanica epiphytic morph Plate A. A: Ventral view of primary shoot (2 mm). B: Dorsal view of primary 

shoot (500 pm). C-E: Primary shoot lobules (250 pm). F-H: Secondary shoot lobules (250 pm). I: Secondary shoot lobe 

margins (250 pm). J: Female bracts (500 pm). All from NSW896734. 
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Fig. 12. Radula javanica epiphytic morph Plate B. A: Leaf-lobe margin (50 pm). B: Transverse section of primary stem 

(50 pm). C, D. Leaf-lobe medial cell surface, showing rugose ornamentation (25 pm). All from NSW896734. 

Description [from MEL1037775]: Forming extensive pure sheets of interwoven pendulous shoots on tree 
trunks and rocks. Live plants mid to dark green, brown in herbarium. Shoot systems dimorphic, regularly 
pinnate, becoming irregularly bipinnate in older sectors, with primary shoots 1.6-2.5 mm wide and up to 
80 mm long, secondary shoots smaller in stature than primary shoots. Stems 340-410 pm diameter on 

primary shoots, with cortical cells in a single tier of 45-58 rows, cell walls yellow-brown pigmented, heavily 
and continuously thickened, thickenings constricting the cell lumen; medullary cells in 97-135 rows, cell walls 
yellow-pigmented, heavily and continuously thickened by confluent coarse nodular trigones that partially 
constrict the cell lumen, thin walls rare between thickenings. Cortical cells on dorsal stem surface arranged in 
straight longitudinal row on young and mature shoot sectors. Leaf insertion exceeding dorsal stem mid-line, 
insertion lines interlocking over two dorsal cortical cell rows, insertion not attaining the ventral stem mid-line, 
leaving one ventral cortical cell row leaf-free. Leaf lobes elliptic-oblong, 1100-1320 pm long by 640-875 pm 
wide on primary shoots, 735-1140 pm long by 490-720 pm wide on secondary shoots, imbricate, acroscopic 
base not sharply deflexed away from stem, flat to weakly convex, interlocking over the dorsal stem surface, 

stem not visible in dorsal view, margins entire, the interior lobe margin curved, reaching or extending slightly 
beyond opposite stem margin, not auriculate, antical margin shallowly curved, exterior margin rounded, 
postical margin gently curved or substraight. Lobules on primary shoots subquadrate, one sixth to one fifth 
the lobe area, 510-595 pm long by 370-605 pm wide, keel arched, angle between keel and stem 135-165°, keel 
gradually turning through 60-90°, occasionally slight notch present at the apex, interior lobule margin free for 

one half to two thirds its length, free portion ampliate but not fully covering stem, margin reflexed in one or 
two ‘bites’, acroscopic margin curved, apical portion perpendicular to stem axis in larger lobules, occasionally 
reflexed along the apical margin only, or the upper half of the free portion of the lobule reflexed and pointing 

backward down the shoot axis, apex obtuse, free exterior margin with a single, deep undulation, the medial 
part of margin depressed, a distinct ‘knee’ present in outline above the lobe-lobule junction, lobules with 
an undulate exterior margin do not usually have the free portion of the lobule reflexed, though the margin 
only may be reflexed; lobe-lobule junction approximately level with the acroscopic end of stem insertion, 
attached to stem along 0.33-0.5 of the interior margin, stem insertion shallowly S-shaped, gently revolute at 
acroscopic end; lobule apex bearing a single papilla, with another papilla situated on the interior lobule margin 



Fig. 13. Radula javanica epiphytic morph Line drawings A: Lobe marginal cells. B: Lobe medial cells. C: Five lobules from 

primary shoots. D: Ventral view of primary shoot. E: Dorsal view of primary shoot. F: Lobule apex. G: Five lobules from 

secondary branches. J: Cells on dorsal stem surface. K: Transverse stem section. M: Male shoot. All from MEL1037772. 
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Fig. 14. Radula javanica lithophytic morph line drawings. A: Lobe marginal cells. B: Lobe medial cells. C: Six lobules 

from primary shoots. D: Ventral view of primary shoot. E: Dorsal view of primary shoot. G: Five lobules from secondary 

branches. I: Archegonium. K: Transverse stem section. L: One separated and one unseparated pair of female bracts. 

M: Male shoot. N: Perianth mouth. O: Perianth, showing basal bistratose bands. Q: Longitudinal section of perianth base. 

T: Mature sector of primary shoot showing recurved lobule apices. All from Hicks 11506 (BRI). 
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reflexion and undulation than those on secondary shoots; lobules on secondary shoot quadrate to rhomboid, 
one sixth to one fifth the lobe area, 300-600 pm long by 230-440 pm wide, keel straight to shallowly arched, 
angle between keel and stem 135°, interior free margin weakly ampliate, not reflexed, apex obtuse. Leaf lobe 
cells rounded-oblong, regularly arranged in loose rows, unequally sized, 12-21 qm long by 10-13 qm wide, 
thin walled with triangular trigones, medial wall thickenings absent; cells of lobe margin smaller than those 
of leaf middle, quadrate to rectangular, 9-10 qm long and wide, exterior cell walls not thickened, cell lumen 
not bulging medially. Leaf lobe cell surface puncticulate. Oil-bodies not known. Asexual reproduction by 
caducous leaf lobes, sporadic, leaf-lobes typically tearing into several pieces, fragmentation scars jagged, 
irregular, typically leaving part of basiscopic leaf margin attached beyond keel, shoot primordia not forming 
as irregular buds on leaf lobe prior to leaf dislocation. Dioicous. Androecia not seen. Gynoecia terminal on 
secondary branches, subtended by one or two full sized subfloral innovations that are again fertile. Where a 
single subfloral innovation is present, a besting’ shoot primordium occurs in place of the second subfloral 
innovation. Archegonia c. 180 qm tall, archegonia neck seven or eight cell columns, c. 20 per gynoecium on 
a small raised disc of tissue, not encompassed by the protoperianth. Female bracts in one pair, asymmetrical, 
elliptic-ovate to slightly reniform, larger lobe 1060-1170 qm long by 590-650 qm wide, smaller lobe 
800-1000 qm long by 520-600 qm wide, lobules oblong-falcate, one third to one half the lobe area, apex 
rounded or obtuse, keel arched to straight, insertion interlocking dorsally and ventrally. Perianths not seen. 

Figs 15-17. 

Distribution and ecology: Regionally R. javanica occurs in north-east Australia and throughout the Pacific, 
including the Kermadec Islands (New Zealand Botanical Region), New Caledonia, and at least as far east as 
Fiji. Within Australia R. javanica is distributed from the Wet Tropics Bioregion in north-east Queensland south 
to the coast to the north coast of north-east New South Wales, between c. 15° and 28° S latitude. R. javanica 
is generally found below about 400 m, in forest or scrub, and may grow as a lithophyte within waterways or 
within forest, sometimes in fairly dry situations, or as an epiphyte on tree trunks, branches or twigs. 

Variation: The circumscription of R. javanica enforced upon this study makes it the most polymorphic species 
within the Australasian region. Individuals may appear very different from one another between habitats within 

regions. For example, on comparison between rheophytic individuals and forest-inhabiting individuals in 
both Australia and Fiji one is tempted to conclude that two species are present in both regions. This impression 
is reinforced by the fact that rheophytic individuals in both regions have the same morphology. As described 
above, plants differ in the size, shape and orientation of leaf-lobules, and the degree to which the margins 
and apex are reflexed. They also vary in their propensity to produce caducous leaf-lobes, with rheophytic 
individuals usually devoid of all but the youngest leaf-lobes, while forest inhabitants may retain all, or nearly 
all of theirs. Inter-individual variation within R. has been the source of some consternation for this author, and 
others similarly bemused by this species are in good company. 

Identification: The polymorphism exhibited within the bounds of the circumscription accepted by this study 
is not a license for uncritical attribution of individuals to this species. Several features unify individuals of 
R. javanica as defined by this study: 

1) the apex and/or interior lobule margin is usually reflexed to some degree; 2) the leaf lobe cell surfaces bear 
punctulate ornamentation, 3) the plants produce caducous leaves; 4) the shoot systems are pinnately branched. 
Determination of R. javanica a matter of firstly excluding from consideration similar species having distinctive 

characteristics, in Australia this involves comparison with R. oreopsis which is distinctive in its ruminate cell 
surface ornamentation; and R. mittenii which is distinctive in its quadrate, flat lobules. For more detail refer to 
the recognition sections of those two species (the latter published in Renner et al. 2013a). 

Rheophytic plants are distinctive enough, having two outstanding features. Firstly the strongly deflexed 
lobules whose entire free apical portion points backward and outward from the shoot axis. The orientation of 
the deflexed lobules is due to the lobe-lobule junction lying antical to the acroscopic end of the lobule stem 
insertion line. Secondly the comprehensive dislocation of leaf-lobes from older sectors of both leading shoots 
and branches, denuding the shoot systems of R. javanica except for the few youngest pairs of leaves at each 
shoot apex. Rhizoids are often produced from the margins of leaves that have not yet fragmented. 

Remarks: Radula javanica has been widely misunderstood in Australasia. Stephani (1889) recorded R. reflexa 
from Australia on the basis of a specimen from Rockingham Bay, collector unknown. The Dallacy collection 

in MEL is probably this specimen, or a duplicate of it. It is R. javanica. Yamada’s (1987) Australian record 
of Radula reflexa is also based on a mis-identification of R. javanica. Yamada’s (1984) record of Radula 
multiflora from Australia on the basis of two specimens collected by M.L. Hicks in Queensland. One of these 
is Radula javanica. Yamada’s (1987) Australian record of Radula reflexa is based on a mis-identification of 
R. javanica, as is his record of R. multiflora. Yamada also identified a specimen collected by G.A.M. Scott as 
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Fig. 15. Radula javanica cordiloba morph Plate A. A: Ventral view of primary shoot (2 mm). B: Dorsal view of primary 

shoot (500 pm). C-E: Primary shoot lobules (250 pm). F-H: Secondary shoot lobules (250 pm). I: Secondary shoot lobe 

margins (250 pm). J: Female bracts (500 pm). All from NSW974490. 
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Fig. 16. Radula javanica cordiloba morph Plate B. A: Ventral view of perianth (1 mm). B: Transverse section of primary 

stem (50 pm). C: Leaf-lobe margin (50 pm). D. Leaf-lobe medial cell surface, showing rugose ornamentation (25 pm). All 

from NSW974490. 

R. multiflora var. reflexilobula (MUCV6798). I had identified a number of R. javanica specimens as this variety, 
including several included in the phylogeny, all of which group within the R. javanica clade. I reported R. 
multiflora for the Chatham Islands east of New Zealand, also on specimens of R. javanica (Renner amd de 
Lange 2009). I even described a subspecies of R. cordiloba from New Zealand, which is also based on R. javanica 
(Renner 2005), and last year went as far as elevating this to species rank (Renner et al. 2013b). Lobule characters 
were also the basis on which I conferred a Fijian specimen of R. javanica to Radula reflexa, in the molecular 
phylogeny of Devos et al. (2011 a, b). Similarly So’s (2006) report of R. reflexa for Fiji was based on R. javanica. 
This species really is a lesson in humility. 

Nomenclature: Six collections were cited in the protologue of R. javanica. 

1. Java insula ad Sadjra Prov. Bantam (Blume) 

2. Insula Mauritii (Sieber) 

3. Nilgherries (Mont.) 

4. 5. Owaihi et Ceylon Insulis (Hb. Hk n. 51. 56) 

6, Insulis Carolinis, Ualan et Strong (Lesson in Hb. Kunth. et Bongard, Mertens in Hb. Acad. Petrop.). 

Castle pointed out that Gottsche equated the island name ‘Ualan (= Kusiae Island) with the name of a 
collector. The specimen was collected by Strong on Ualan Island, and communicated to R.P. Pesson, then to 
Hb. Gottsche, to Hb. Bescherelle etc (Castle 1966). 

In lectotypifying R. javanica on the Caroline Island specimen Castle (1966) stated ‘The original description 
of Radula javanica Gottsche was based primarily on material that had been collected by Blume in Java and 
that had been cited in the Hepaticae Javanicae of Reinwardt, Blume and Nees under the name R. boryana N. ab 
E., in 1825’ (Castle 1966 p. 74). The specimen collected by Blume in Bantam Province of Java is the first 
specimen cited by Gottsche et al. (1844). According to Castle, Gottsche (1861) pointed out that the collection 
upon which he based R. javanica contained two varieties which he designated ‘variety alpha originalisj and 
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Fig. 17. Radula javanica cordiloba morph Line drawings. A: Lobe marginal cells. B: Lobe medial cells. C: Five lobules 

from primary shoots. D: Ventral view of primary shoot. E: Dorsal view of primary shoot. F: Lobule apex. G: Five lobules 

from secondary branches. H: Lobule interior margin. I: Archegonium. J: Cells on dorsal stem surface. K: Transverse stem 

section. L: Separated pair of female bracts. All from NSW974490. 
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Variety beta commutata’. Gottsche associated with alpha originalis the Bantam collection in Herb. Blume from 
Java, and stated that it was conspecifk with Radula campanigera Mont. Castle (1966) concurred with this 
assessment. Under variety beta commutata Gottsche cited the Lesson collection from the Caroline Islands 
as the first specimen. Castle claims that it is ‘consistent with nomenclatorial rules to retain the name Radula 
javanica Gottsche with R. javanica var beta commutata as its synonym and to designate the Caroline Islands 
collection as the lectotype’ (Castle 1966 p. 74). At any rate the six syntypes comprise maybe five different 
species. 

Specimens examined: VANUATU: Sanma, E of Penaraou, S of Logmoli airstrip, Espiritu Santo, 14° 21'49" S, 166° 32'53" E, 

600 m, Nov 2006, E.A. Brown s.n. (NSW974482, 974490). 

Australia Queensland: Cook: track from Big Tableland to O’Keefe Creek, 26 km S of Cooktown, 15° 43' S 145° 15' E, 

400 m, 11 Dec 1990, J.A. Curnow 3969 (BRI-AQ807552; CANB9500753); J.A. Curnow 3961 (BRI-AQ807555; 

CANB9500745); Home Rule Falls, Wallaby Creek, 30 km SSE of Cooktown, 15° 44' S 145° 18' E, 240 m, 19 Oct 1995, 

H. Streimann 56997 (CANB9519063); Cape Tribulation north of Mossman, 30 June 1983, M.L. Hicks 11506 

(BRI-AQ722900, as Radula reflexa); Daintree National Park: Between Thornton Beach and Noah Creek, 16° 09' 04" S, 

145° 26' 28" E, 5 m, 25 Mar 2012, M.A.M. Renner 6329, V.C. Linis & E.A. Brown (NSW896726); M.A.M. Renner 6328b, 

V.C. Linis, E.A. Brown (NSW896725); The Daintree, tributary of Buchanan Creek, 16° 14' 33" S, 145° 25' 41" E, 135 m, 

26 Mar 2012, M.A.M. Renner 6333, V.C. Linis & E.A. Brown (NSW896734); Mossman Gorge, near start of Circuit Track, 

16° 28' S 145° 2T E, 4 June 1992,E.A. Brown 92/79, A.N.L. Doust&B.J. Conn (NSW295623); Rex Creek, 16° 28'S 145° 19'E, 

10 Jul 2005, M.A.M.Renner 2034 & E.A. Brown (NSW872743); 16° 28' S 145° 19'E, 10 Jul 2005, M.A.M.Renner 2041 &E.A. 

Brown (NSW872741); Daintree National Park, Mossman Gorge, Rex Creek, 16° 28' 11" S, 145° 19' 37" E, 105 m, 24 Mar 2012, 

M.A.M. Renner 6298, V.C. Linis & E.A. Brown (NSW896687); upstream from swing-bridge, 16° 28' 13" S, 145° 19' 42" E, 

105 m, 24 Mar 2012, M.A.M. Renner 6271, V.C. Linis & E.A. Brown (NSW896416); above intersection with Rex Loop track, 

16° 28' 19"S, 145° 19' 32" E, 10 Jul 2005, M.A.M. Renner2034 & E.A. Brown (NSW872743); Wurrumbu Stream, 16° 28' 02" S, 

145° 19' 18" E, 150 m, 24 Mar 2012, M.A.M. Renner 6317, V.C. Linis & E.A. Brown (NSW896712); Mt. Lewis, SW of 

Mossman, 29 August 1982, M.L. Hicks 11173 (BRI-AQ722878, as R. multiflora); Mulgrave River, 17° 10' S 145° 52' 

E, without date, F.M. Bailey 607 (MEL1037793, as R. acutiloba); Freshwater Creek, Cairns, 1889, F.M. Bailey ex herb. 

F. M. Bailey 647 (BRI-AQ722868); Granite Creek, Bellenden Ker Expedition, 1889, F.M. Bailey, ex herb F.M. Bailey 678 

(BRI-AQ722869, as R. javanica); Mulgrave, 1889, F.M. Bailey ex herb. F.M. Bailey 607 (BRI-AQ332134); Smithfield, 

2 July 1890, (?)C./. Wild ex herb. C.J. Wild (BRI-AQ722870, 722871); North Queensland, Smithfield, Jul 1890, C.J. Wild 

ex herb. C.J. Wild (BRI-AQ539634); Wooroonooran National Park: Tributary of Babinda Stream, 30 m above junction 

with Babinda Stream., 17° 19' 59"S, 145° 51' 40" E, 85 m, 3 Apr 2012, M.A.M. Renner 6509, V.C. Linis & E.A. Brown 

(NSW909504); South Johnston River, McMillan Creek catchment, Gorrell Track c. 2 km S of South Johnston River 

picnic area (old forestry camp), 17° 40' 19" S, 145° 43' 38" E, 600 m, 6 Apr 2012, M.A.M. Renner 6564, V.C. Linis & E.A. 

Brown (NSW970435); South Johnston River catchment, Maple Creek, where crossed by Maple Creek Road, 17° 41' 18" S, 

145° 41' 55" E, 590 m, 5 Apr 2012, M.A.M. Renner 6546, V.C. Linis & E.A. Brown (NSW978121); Waraker Creek, Cooroo 

Lands Road, 12 km W of Innisfail, 17° 32' S 145° 55' E, 80 m, 28 Jun 1984, H. Streimann 30034 (CANB84083890; 

Palmerston National Park: track to Tchupala Falls, 17° 36'S 145° 46' E, 11 July 1994, E.A. Brown 94/441, R.G. Coveny 

& B.C. Tan (NSW297008); 17° 36' S 145° 47' E, 2 Jul 1984, W.B. Schofield 80336 & M.L Schofield (NSW734519); 

NORTH KENNEDY: Rockingham Bay, Nord Ost Australia, without date, /. Dallachy s.n. (MEL1037774 p.p.); Cardwell, 

Dalrymple Creek track, 1 Sep 1985, G.A.M. Scott s.n. (MUCV6798 as R. multiflora var. reflexilobula); Burke: Banks 

of Campbells Creek, 18° 10' S 141° 18' E, 14 June 1944, H. Flecker s.n. (MEL1037775); Darling Downs: Mt Tyson, 

27° 34' S 151° 33' E, 16 February 1939, H. Flecker s.n. (MEL1037819); New South Wales: North Coast: below Marshall’s 

Falls, Richmond River, 28° 51' S 153° 27' E, Aug 1902, WW Watts 546 (NSW764151). 

New Zealand: Kermadec Islands: Raoul Island, Denham Bay Track, above Orange Cove, 29° 14' 56" S 177° 55' 54" W, 

208 m, 18 May 2011, P.J. de Lange K742 (AK325678); Raoul Island, Moumoukai Track, 29° 16' 0" S 177° 54' 0" W, 384 

m, 8 May 2009, P.J. de Lange K224 & D.C. Havell (AK313206); 336 m, 15 May 2011, P.J. de Lange K741 (AK325676); 

Raoul Island, Denham Bay Track, 29° 15' 39" S 177° 56' 16" W, 271 m, 18 May 2011, P.J. de Lange K744 (AK325681); 

Raoul Island, 1956, R.C. Cooper 44350 (CHR558807); Sunshine Valley, below Sunshine Waterfall in ravine system, 

29° 17' 11" S 177° 55' 46" W, 53 m, 15 May 2011, P.J. de Lange L735 (AK325646); Chatham Islands: Rangiauria 

(Pitt Island), Flower Pot - Glory Road, Tupuangi Stream (upper tributary), 44° 14' S 176° 13' W, 10 m, 30 May 2008, 

P.J. de Lange CH1717 &P.B. Heenan (AK303450). 

Cook Islands: Rarotonga: Maungatea Bluff Track,‘The Pinnacle, 21° 13' 0" S 159° 49' 0" W, 300 m, 6 Jul 2010, P. J. de Lange 

CK191 &T.J. Martin (AK323599); Te Maunga Track, upper Tupapa Stream, 21° 13' 0" S 159° 45' 0" W, 220 m, 8 Jul 2010, 

P. J. de Lange CK178 & T.J. Martin (AK322720); Maungatea Bluff Track, ‘The Pinnacle’, 21°13' 0" S 159°49' 0"W, 300 m, 

6 Jul 2010, P. J. de Lange CK193 & T.J. Martin (AK323601). 

Fiji: Viti Levu: Southern sector of Namosi Road, c. 2 km from turnoff to village, 18° 03' 24"S, 178° 09’ 27" E, 330 m, 

31 Aug 2011, M.A.M. Renner 5387 (CANB, F, NSW889458, SUVA); West of Namosi Village, 18° 03' 03" S, 178° 07' 09" E, 

130 m, 30 Aug 2011, L. Soderstrom 2011/057, M. von Konrat et al. (NSW978129); Rairaimatuku Plateau, Monasavu, on 

road to Tominivi, 17° 43' 30" S, 178° 02' 15" E, c. 900 m, 4 Sep 2011, M.A.M. Renner 5577 (F, NSW895228, SUVA). 
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Fig. 18. Radula sp. (n) Moa Island CANB9500180 Plate A. A: Ventral view of primary shoot (2 mm). B: Dorsal view of 

primary shoot (500 pm). C-E: Primary shoot lobules (250 pm). F-H: Secondary shoot lobules (250 pm). I: Secondary 

shoot lobe margins (250 pm). J: Female bracts (500 pm). All from CANB9500180. 
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Fig. 19. Radula sp. (n) Moa Island (CANB9500180) Plate B. A: Leaf-lobe margin (50 pm). B: Transverse section of primary 

stem (50 pm). C: Leaf-lobe medial cell surface, showing absence of ornamentation (25 pm). All from CANB9500180. 

Samoa: without date, Reinecke 79 ex herb Steph. (G); Reinecke 81 ex herb Steph. (G); Reinecke s.n. ex herb Steph. 

(G). 

Misidentified specimens: South America: Bolivia: Cochabamba, Chapare, Parque Machia, cerca Villa 
Tunari, 16° 58' S 65° 24" W, 240 m, 31 Oct 2002, S. Churchill, M. Decker & F. Mogro 22187 (M05647947), 
det R. javanica is an undetermined species of subg. Radula, it is not R. javanica; Tarija, Arce, Municipio de 
Padcaya, Canton Emborozu, Reserva Natural Alarachi. Zona Coyatal, Rio Emborozu Chic, 22° 14' 18" S 64° 
34' 19" W, 1220 m, 21 Sep 2004, S. Churchill, M. Serrano etal. 23450 (M05632134), det R. javanica is R. episcia 
Spruce which is a member of subg. Volutoradula. 

Radula sp. Moa Island (CANB9500187) 

Description [from CANB9500187]: Forming loose wefts of pendant-procumbent shoots, glaucous and brown 
in herbaria. Shoot systems dimorphic, pinnately branched, with additional pseudodichotomous branching 
due to production of pairs of subfloral innovations below gynoecia, primary shoots 2400-3000 mm wide 
and up to 80 mm long. Older shoot sectors retaining leaf-lobes. Stems 200-300 pm diameter, with cortical 
cells in a single tier of 50-70 rows, cell walls yellow-brown to brown pigmented, external free cortical cell wall 
unthickened, radial longitudinal cortical walls unthickened or with continuous thickening, inner tangential 
walls continuously thickened by confluent bulging trigones; medullary cells in c. 150 rows, cell walls yellow 
pigmented, cell with large bulging trigones, usually confluent across cell walls. Cortical cells on dorsal stem 
surface arranged in straight longitudinal rows on young and mature shoot sectors. Leaf insertion exceeding 
dorsal stem mid-line, overlapping across one to three dorsal cortical cells. Leaf insertion not attaining the 
ventral stem mid-line, leaving one to three ventral cortical cell rows leaf-free. Leaf lobes oblong-elliptic, 
1100-1700 pm long by 860-1300 pm wide on primary shoots, 1000-1250 pm long by 540-880 pm wide on 
secondary shoots, imbricate, not falcate, acroscopic base not sharply deflexed away from stem, concave, outer 
portion not rolled downward or forward, partially to completely interlocking over the dorsal stem surface, stem 



144 Telopea 17: 107-167, 2014 Renner 

partially visible between leaf lobes in dorsal view or not; margins minutely denticulate due to bulging marginal 
cells, the interior lobe margin weakly ampliate, usually reaching the opposite stem margin, dorsal margin 
straight to shallowly curved, ventral margin straight, interior and exterior margins curved; angle between 
postical lobe margin and keel 45-60°. Lobules rhombic-ovate, remote to contiguous, plane, one eighth to 
one sixth the lobe area, 740-1060 pm long by 520-750 pm wide on primary shoots, 540-640 pm long by 
340-480 pm wide on primary shoots, keel straight to weakly arched, angle between keel and stem 135°, keel 
turning through 45-90° at keel-lobe junction, keel apex and postical lobe margin shallowly notched; interior 

lobule margin free for one half to two thirds its length, free portion weakly ampliate, not adpressed against 
the stem, sometimes reaching the opposite stem margin and partially concealing the stem in ventral view; 
acroscopic margin curved, apical portion inclined inward toward the stem; apex rounded, free exterior margin 
straight to shallowly curved, plane, margins irregular, and may be crenulated due to bulging marginal cells. 
Lobe-lobule junction level with the acroscopic end of stem insertion. Lobule apex bearing a single papilla, 
with two papilla situated on the interior lobule margin above the stem insertion. Leaf lobe cells rounded 

or hexagonal, arranged in loose rows, uniformly sized, 17-30 pm long by 17-21 pm wide, thin walled with 
concave trigones, medial wall thickenings absent. Cells of lobe margin smaller than those of leaf middle, 
quadrate, exterior and interior cell walls not differentially evenly thickened. Leaf lobe cell surface smooth. 
Oil-bodies not known. Asexual reproduction absent. Dioicous. Androecia not known. Gynoecia terminal on 
branch shoots, subtended by one or two subfloral innovations that are the same size as the branch shoot and 
are again fertile. Archegonia c. 200 pm tall, archegonia neck seven or eight cell columns, c. 25 per gynoecium on 
a small disc of tissue, encompassed by the protoperianth. Female bracts in one pair, subsymmetrical, imbricate, 
elliptic-oblong, lobe 1400-1600 pm long by 800-1100 pm wide, margins minutely crenulate; lobules ovate to 
elliptic oblong, one third to one quarter the lobe area, apex rounded, keel straight to arched, margins crenulate; 
bract insertion lines interlocking dorsally and ventrally, insertion equitant. Perianths and sporophytes not known. 

Figs 18-20. 

Specimens examined: Australia: Queensland: Cook: Northern end of Moa Island, Moa Peak, 10°10'S 142°16'E, 370 m, 

11 Feb 1989, D.L. Jones 89-10 (CANB9500187); D.L. Jones 89-3 (CANB9500180). 

Distribution and habitats: In Australia known from a single collection from Moa Island in the Torres Strait. 
Here, R. sp. (n) ‘Moa Island CANB9500187’ grew as an epiphyte on tree trunks in tall monsoon rainforest at 
370 m. The species is probably more widespread along either side of the Torres Strait. 

Identification: Distinctive in its pinnately branched shoot systems, elliptic lobules, and smooth leaf-lobe cell 
surfaces. 

Remarks: This specimen was identified as R. buccinifera (Hook.f. & Taylor) Gottsche, Lindenb. et Nees. 
While it is not allied to that species, I have been unable to establish its identity. 

Species excluded from the Australasian flora 

Radula kurzii Steph. Hedwigia 23: 153.1884 

Type: Hab. South Andaman, leg. Kurz (Hb. Gottsche) 

Radula kurzii was recorded by Yamada (1984) from several specimens collected on rock in the Wet Tropics 
Bioregion, including Mt Lewis and Mt Bartle Frere by M.L. Hicks. I have seen one of these collections 
{Hicks 10901) and it is Radula loriana Castle, and I assume the other collections made from similar sites in the 
same region are also referable to R. loriana, which is common in rainforests from close to sea level to around 
1500 m. Although I have not seen the type of R. kurzii, a type specimen of one of its synonyms, R. speciosa 
Gottsche (BM000969285!) has been seen, and nothing approaching this entity has been observed in Australia. 
Yamadas record of R. kurzii is probably based on misidentifications of the outwardly similar R. loriana, and 
should be excluded from the Australian flora. Stephani had earlier determined as R. kurzii a specimen from 
Norfolk Island, but did not publish this record. This specimen is also closer to R. loriana. 

Misidentified specimens examined: Australia: Queensland: Cook: over rock outcrop near Josephine Falls, 
north of Innisfail, 23 June 1982, M.L. Hicks 10901 (BRI-AQ722876) is R. loriana. Australia: Norfolk Island: 

Isaac Robinson ex herb Steph. (BM) is R. loriana. 

Radula sharpii K.Yamada. Journal of Japanese Botany 60: 260. 1985 

Type: Papua New Guinea: Morobe: Aseki-Mdamna Track, 1 km SW of Aseki, 1350 m, advanced secondary 
vegetation beside large stream in deep gorge, on Ficus trunk beside stream, 23 Jan 1981. H. Streimann 12449 
(holotype: CANB8109872! Isotypes: JE, LAE, NICH). 
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Fig. 20. Radula sp. Moa Island (CANB9500180) Line drawings. A: Lobe marginal cells. B: Lobe medial cells. C: Five lobules 

from primary shoots. D: Ventral view of primary shoot. E: Dorsal view of primary shoot. F: Lobule apex. G: Five lobules 

from secondary branches. H: Lobule interior margin. I: Archegonium. K: Transverse stem section. L: Separated pair of 

female bracts. All from CANB9500180. 
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Fig. 21. Radula sharpii Plate A. A: Ventral view of primary shoot (2 mm). B: Dorsal view of primary shoot (500 pm). 

C-E: Primary shoot lobules (500 pm). F-H: Secondary shoot lobules (500 pm). I: Secondary shoot lobe margins (500 pm). 

J: Female bracts (500 pm). All from CANB8109872. 
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Fig. 22. Radula sharpii Plate B. A: Leaf-lobe margin (50 pm). B: Leaf-lobe medial cell surface, showing rugose ornamentation 

(25 |am). Both from CANB8109872. 

Fig. 21-22. 

Described from Papua New Guinea, then recorded for Queensland by Yamada (1987), on the basis of a single 
collection from Mossman Gorge collected by lima Stone. Subsequent collections from the Wet Tropics have 
also been identified as R. sharpii, all are referrable to R. oreopsis. 

Specimens examined: Papua New Guinea: Morobe: Mount Missim Track, 10 km NNE of Wau, 7° 17' S 146° 47' E, 1380 m, 

18 Aug 1982, H. Streimann 22954, (CANB8405062); Poyu Village, 1.5 km SE of Aseki, 7° 22' S 146° IT E, 1300 m, 6 Dec 

1982, H. Streimann 26152 (CANB9006045). 

Representative misidentified specimens examined: Australia: Queensland: COOK: Daintree National Park: Mossman 

Gorge, 28 lun 1982,1.G. Stone, (MELU H-1256, MUCV6101 is R. oreopsis); Cardstone, Tully, 3 Sep 1985, G.A.M. Scott 

(MUCV6603 is R. oreopsis); creeks E. of Cochable Creek Causeway, Cardstone, Tully, 3 Sep 1985, G.A.M. Scott, MUCV6643 

is R. oreopsis. 

Radula multiflora Gottsche ex Steph. 

Type: Papua New Guinea: New Ireland: Bismarck Archip., New Hannover Island, 20 Jul 1875, Gazelle Exped., 
F. C. Neumann s.n. as R.javanica G00282365 (15113)! 

It is difficult to form an impression of R. multiflora from the type material, which comprises two fragmented 
and damaged branch shoots bearing numerous gynoecia. 

The most distinctive thing about these is the lobules almost roundish, and free for up to two thirds their 
interior length, the free portion of which is weakly ampliate and overlies the stem. None of the lobule-reflection 

supposedly characteristic of this species is apparent. Within the type specimen Yamada separated out a shoot 
that looks to me identical, and called it R. vriesiana. If Yamada is correct, R. multiflora must be lectotypified. 

Australian material identified as R. multiflora generally agrees with R. javanica, except lobules on primary 
shoots have a broadly ampliate interior margin, and in this character are similar to R. cordiloha, except that the 
ampliation is even more pronounced. While the material does not seem to be a good match for R. multiflora, 
it is possible that it represents a species other than R. javanica, and I have over-looked the significance of the 
differences in lobule shape. 

A specimen from Chatham Island (Renner and de Lange 2009) was attributed to this species on the basis of 
lobule shape and reflexion of the interior lobule margin. These characters are shared by many individuals 
resolved within the R. javanica clade by this study. The Chatham Island record of R. multiflora was based on a 
misidentification of R. javanica, and R. multiflora should also be excluded from the New Zealand flora. 

Representative misidentified specimens examined: Australia: Queensland: Cook: Mt Lewis, 16° 35' S 145° 17' E, 

29 Aug 1982, M.L. Hicks 11173 (BRI-AQ722878 = R. javanica); Daintree National Park: Mossman, Rex Creek, 30 lun 1982, 

LG. Stone s.n. (MUCV6069 is R. javanica); Mossman Gorge, 27 May 1975, LG. Stone s.n. (MUCV4653, as (provisionally) 
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R. portoricensis then R. multiflora = R. javanica); Mossman Gorge, G.A.M. Scott s.n. (MELU347 = R. javanica); 

North Kennedy: Tully, Cardstone, H-tree Creek, 20 May 1985, I.G. Stone s.n. (MUCV7229 = R. javanica); Cardwell, 

Dalrymple Creek track, on top, 1 Sep 1985, G.A.M. Scott s.n. (MUCV6817 = R. mittenii); Cardwell, Dalrymple Creek 

track, W. of top, 1 Sep 1985, G.A.M. Scott s.n. (MUCV6820 = R. javanica); Cardwell, Dalrymple Creek track, half way from 

watershed to creek, 1 Sep 1985, G.A.M. Scott s.n. (MUCV6822 = R. javanica). 

New Zealand, Chatham Islands: Rangiauria (Pitt Island), Flower Pot - Glory Road, Tupuangi Stream (upper tributary), 

44° 14' S 176° 13' W, 10 m, 30 May 2008, P.J. de Lange CH1717 & P.B. Heenan (AK303450 = R. javanica). 

Radula reflexa Nees et Mont. Annales des Sciences Naturelles, Botanique, ser. 2 19: 255. 1843 

Type: Indonesia. Moluccas Is, Amboina, /. T. Labillardiere, hb. Mont. Lectotype designated by Castle (1965): 
PC-35426, isolectotypes: BM! G00046053 (17202)! PC-35425, W-5449). 

Radula reflexa differs from R. decurrens in the lobules being reflexed perpendicular to the stem, rather than 
at an angle to it. In R. decurrens the lines of reflexion form a zig-zag pattern across the stem. The lobules in 
R. decurrens exceed the opposite stem margin. 

In Australia, many Radula with reflexed lobules have been attributed to R. reflexa on that basis. Australian 
records of R. reflexa are based on misidentifications of R. javanica, predominantly the rheophytic morph. 
The Fijian plants conferred to R. reflexa by myself in the molecular phylogeny of Devos et al. (201 la,b) are also 
R. javanica. 

Representative misidentified specimen examined: Australia: Queensland: Cook: Cape Tribulation north of 
Mossman, over rock outcrop in rainforest 30 Jun 1983, M.L. Hicks 11506 (BRI-AQ722900 = R. javanica); 
Fishers Falls, Mt Bellenden Ker, 11 Sep 1985, G.A.M. Scott s.n. (MUCV7428 = R. javanica); North Kennedy: 

H-tree Creek, Cardstone, Tully, 20 May 1985, I.G. Stone s.n. (MUCV7234 = R. javanica with R. mittenii); 
Dalrymple Creek track, Cardwell, 1 Sep 1985, G.A.M. Scott s.n. (MUCV6840 = R. javanica); Mt Mackay State 
Forest, W of Tully, 29 Jul 1984, M. Thorsborne & I.G. Stone s.n. (MUCV5888 = R. mittenii). 

Table 3. Voucher details and GenBank accession numbers for sequences. All KM numbers were newly generated for this 
study. 

Voucher number Taxon Collector Coll. no. atpB-rbcL trnG trnL-F 

NSW896401 

NSW976716 

NSW978099 

NSW978127 

NSW872743 

NSW889458 

NSW896416 

NSW896677 

NSW896683 

NSW896687 

NSW896689 

NSW896712 

NSW896725 

NSW896726 

NSW896734 

NSW904735 

NSW905125 

NSW905502 

NSW909504 

NSW970435 

NSW974482 

NSW974490 

NSW978121 

NSW978129 

NSW978175 

AK322720 

AK323599 

AK323601 

NSW974452 

NSW896665 

NSW896672 

Radula acutiloba 
Radula acutiloba 
Radula acutiloba 
Radula decurrens 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula javanica 
Radula mittenii 
Radula mittenii 

M.A.M. Renner 6262 

M.A.M. Renner 5889 

M.A.M. Renner 5890 

L. Soderstrom 201 1/056 

M.A.M. Renner 2034 

M.A.M. Renner 5387 

M.A.M. Renner 6271 

M.A.M. Renner 6291 

M.A.M. Renner 6294 

M.A.M. Renner 6298 

M.A.M. Renner 6300 

M.A.M. Renner 6317 

M.A.M. Renner 6328 b 

M.A.M. Renner 6329 

M.A.M. Renner 6333 

P.J. de Lange K224 

P.J. de Lange K741 

P.J. de Lange K742 

M.A.M. Renner 6509 

M.A.M. Renner 6564 

E.A. Brown s.n. 

E.A. Brown s.n. 

M.A.M. Renner 6546 

L. Soderstrom 201 1/057 

M.A.M. Renner 5045 

P.J. de Lange 

P.J. de Lange 

P.J. de Lange 

M.A.M. Renner 5505 

M.A.M. Renner 6282 

M.A.M. Renner 6288 

KM220233 

KM220231 

KM220232 

KM220197 

KM220205 

KM220203 

KM220199 

KM220193 

KM220194 

KM220180 

KM220204 

KM220217 

KM220198 

KM220201 

KM220182 

KM220190 

KM220169 

KM220170 

KM220195 

KM220183 

KM220224 

KM220222 

KM220218 

KM220219 

KM220185 

KM220208 

KM220207 

KM220206 

KM220212 

KF432308 

KF432303 

KM220096 

KM220094 

KM220095 

KM220062 

KM220070 

KM220068 

KM220064 

KM220058 

KM220059 

KM220049 

KM220069 

KM220081 

KM220063 

KM220066 

KM220050 

KM220056 

KM220037 

KM220038 

KM220060 

KM220088 

KM220086 

KM220082 

KM220083 

KM220051 

KM220072 

KM220071 

KM220076 

KF432394 

KF432389 

KM220164 

KM220162 

KM220163 

KM220127 

KM220135 

KM220133 

KM220129 

KM220123 

KM220124 

KM2201 10 

KM220134 

KM220148 

KM220128 

KM220131 

KM2201 12 

KM220120 

KM220099 

KM220100 

KM220125 

KM2201 13 

KM2201 55 

KM2201 53 

KM220149 

KM2201 50 

KM2201 15 

KM220138 

KM220137 

KM220136 

KM220143 

KF440476 

KF440471 
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Voucher number Taxon Collector Coll. no. atpB-rbcL trnG trnL-F 

NSW896685 Radula mitten II M.A.M. Renner 6296 

NSW897201 Radula mitten ii M.A.M. Renner 6486 

NSW897206 Radula mitten ii M.A.M. Renner 6489 

NSW909503 Radula mitten ii M.A.M. Renner 6508 

NSW909664 Radula mittenii M.A.M. Renner 6497 

NSW889291 Radula Oceania M.A.M. Renner 5322 

NSW889321 Radula Oceania M.A.M. Renner 5332 

NSW889374 Radula Oceania M.A.M. Renner 5358 

NSW889376 Radula Oceania M.A.M. Renner 5359 a 

NSW895198 Radula Oceania M.A.M. Renner 5571 

NSW895229 Radula Oceania M.A.M. Renner 5578 

NSW97431 5 Radula Oceania M.A.M. Renner 5732 

NSW978101 Radula Oceania M.A.M. Renner 5717 

NSW889516_1 Radula Oceania M.A.M. Renner 5412 

NSW889516_2 Radula Oceania M.A.M. Renner 5412 

NSW974316 Radula Oceania M.A.M. Renner 5741 

NSW89641 5 Radula oreopsis M.A.M. Renner 6270 

NSW896659 Radula oreopsis M.A.M. Renner 6278 

NSW896681 Radula oreopsis M.A.M. Renner 6292 

NSW896698 Radula oreopsis M.A.M. Renner 6309 

NSW899756 Radula oreopsis M.A.M. Renner 6543 

NSW970425 Radula oreopsis M.A.M. Renner 6572 

NSW970428 Radula oreopsis M.A.M. Renner 6574 

NSW978100 Radula oreopsis M.A.M. Renner 6551 

NSW970377 Radula oreposis M.A.M. Renner 6581 

NSW889416 Radula sp M.A.M. Renner 5373 

NSW850519 Radula sp. C.D. Kilgour 952 

NSW895228 Radula sp. NSW895234 M.A.M. Renner 5577 

NSW895234 Radula sp. NSW895234 M.A.M. Renner 5583 

NSW895644 Radula sp. NSW973452 M.A.M. Renner 5767 

NSW973452 Radula sp. NSW973452 M.A.M. Renner 5732 

NSW978103 Radula sp. NSW973452 M.A.M. Renner 5782 

NSW974317 Radula sp. NSW974317 M.A.M. Renner 5717 

NSW978178 Radula sp. NSW974317 M.A.M. Renner 5691 

NSW890202 Radula sp. NSW974474 M.A.M. Renner 5522 

NSW895197 Radula sp. NSW974474 M.A.M. Renner 5570 

NSW974472 Radula sp. NSW974474 E.A. Brown s.n. 

NSW974474 Radula sp. NSW974474 E.A. Brown s.n. 

NSW974478 Radula sp. NSW974478 E.A. Brown s.n. 

NSW974489 Radula sp. NSW974478 E.A. Brown s.n. 

NSW974480 Radula sp. NSW974481 E.A. Brown s.n. 

NSW974481 Radula sp. NSW974481 E.A. Brown s.n. 

NSW974483 Radula sp. NSW974481 E.A. Brown s.n. 

NSW974485 Radula sp. NSW974485 E.A. Brown s.n. 

NSW978177 Radula sp. NSW974485 C.D. Kilgour 939 

KF432304 

KF432305 

KF432302 

KM220172 

KF432306 

KM220191 

KM220187 

KM220166 

KM220188 

KM220196 

KM220186 

KM22021 5 

KM220181 

KM220165 

KM220192 

KM220216 

KM220175 

KM220200 

KM220176 

KM220171 

KM220177 

KM220178 

KM220173 

KM220179 

KM220174 

KM220230 

KM22021 1 

KM220210 

KM220189 

KM220202 

KM220167 

KM220214 

KM220184 

KM220168 

KM220213 

KM220226 

KM220228 

KM220227 

KM220229 

KM220220 

KM220221 

KM220225 

KM220223 

KM220209 

KF432390 

KF432391 

KF432388 

KM220040 

KF432392 

KM220057 

KM220053 

KM220034 

KM220054 

KM220061 

KM220052 

KM220079 

KM220033 

KM220080 

KM220043 

KM220065 

KM220044 

KM220039 

KM220046 

KM220047 

KM220041 

KM220048 

KM220042 

KM220093 

KM220075 

KM220074 

KM220055 

KM220067 

KM220035 

KM220078 

KM220036 

KM220077 

KM220090 

KM220091 

KM220092 

KM220084 

KM220085 

KM220089 

KM220087 

KM220073 

KF440472 

KF440473 

KF440470 

KM220102 

KF440474 

KM220121 

KM2201 17 

KM2201 18 

KM220126 

KM2201 16 

KM220146 

KM2201 1 1 

KM220096 

KM220122 

KM220147 

KM220105 

KM220130 

KM220106 

KM220101 

KM220107 

KM220108 

KM220103 

KM220109 

KM220104 

KM220161 

KM220140 

KM220142 

KM220141 

KM2201 19 

KM220132 

KM220097 

KM220145 

KM2201 14 

KM220098 

KM220144 

KM2201 57 

KM2201 59 

KM2201 58 

KM220160 

KM2201 51 

KM2201 52 

KM2201 56 

KM2201 54 

KM220139 
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Fig. 23. Radula decurrens Plate B. A: Transverse section of primary stem (50 pm). B: Leaf-lobe medial cell surface, showing 

rugose ornamentation (25 pm). Both from NSW978127. 



Radula subgenus Radula in Australasia Telopea 17: 107-167, 2014 153 

Fig. 24. Radula decurrens Plate A. A: Ventral view of primary shoot (2 mm). B: Dorsal view of primary shoot 

(500 pm). C-E: Primary shoot lobules (250 pm). F-H: Secondary shoot lobules (250 pm). I: Secondary shoot lobe margins 

(250 pm). J: Leaf lobe marginal cells (50 pm). All from NSW978127. 
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Fig. 25. Radula Oceania Plate A. A: Ventral view of primary shoot (2 mm). B: Dorsal view of primary shoot (500 pm). C-E: 

Primary shoot lobules (250 pm). F-H: Secondary shoot lobules (250 pm). I: Secondary shoot lobe margins (250 pm). J: 

Female bracts (500 pm). All from NSW889516. 
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Fig. 26. Radula Oceania Plate B. A: Ventral view of male shoot (2 mm): B: Transverse section of primary stem (50 pm). 

C: Cells of leaf-lobe margin, primary shoot (50 pm). D: Leaf-lobe medial cell surface, showing rugose ornamentation 

(25 pm). A from NSW890202, B-D from NSW889516. 

Fig. 27. Radula sp. NSW974474 Plate B. A: Male bracts on secondary branch (500 pm). B: Transverse section of primary 

stem (50 pm). C: Cells of leaf-lobe margin, primary shoot (50 pm). D: Leaf-lobe medial cell surface, showing rugose 

ornamentation (25 pm). A from NSW890202, B-D from NSW974474. 
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Fig. 28. Radula sp. NSW974474 Plate A. A: Ventral view of primary shoot (2 mm). B: Dorsal view of primary shoot (500 

pm). C-E: Primary shoot lobules (250 pm). F-H: Secondary shoot lobules (250 pm). I: Secondary shoot lobe margins 

(250 pm). J: Ventral view of primary shoot (2 mm). All from NSW974474. 
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Fig. 29. Radula sp. NSW974478 Plate A. A: Ventral view of primary shoot (2 mm). B: Dorsal view of primary shoot (500 

pm). C-E: Primary shoot lobules (250 pm). F-H: Secondary shoot lobules (250 pm). I: Secondary shoot lobe margins 

(250 pm). J: Female bracts (500 pm). All from NSW974478. 
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Fig. 30. Radula sp. NSW974478 Plate B. A: Leaf-lobe margin (50 pm). B: Transverse section of primary stem (50 pm). C, 

D: Leaf-lobe medial cell surface, showing rugose ornamentation (25 pm). All from NSW974478. 

Fig. 31. Radula sp. NSW974485 Plate B. A: Leaf-lobe margin (50 pm). B: Transverse section of primary stem (50 pm). 

C, D: Leaf-lobe medial cell surface, showing rugose ornamentation (25 pm). From NSW974485. 
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Fig. 32. Radula sp. NSW974485 Plate A. A: Ventral view of primary shoot (2 mm). B: Dorsal view of primary shoot (500 

pm). C-E: Primary shoot lobules (250 pm). F-H: Secondary shoot lobules (250 pm). I: Secondary shoot lobe margins 

(250 pm). J: Leaf-lobe medial cell surface, showing rugose ornamentation (25 pm). From NSW974485. 
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Fig. 33. Radula sp. NSW973452 Plate A. A: Ventral view of primary shoot (2 mm). B: Dorsal view of primary shoot (500 pm) 

C-E: Primary shoot lobules (250 pm). F-H: Secondary shoot lobules (250 pm). I: Secondary shoot lobe margins (250 pm) 

J: Female bracts (500 pm). All from NSW973452. 
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Fig. 34. Radula sp. NSW973452 Plate B. A: Leaf-lobe margin (50 pm). B: Transverse section of primary stem (50 pm). C, 

D: Leaf-lobe medial cell surface, showing rugose ornamentation (25 pm). From NSW973452. 

Fig. 35. Radula sp. NSW895234 Plate B. A: Ventral view of perianth (1 mm). B: Transverse section of primary stem 

(50 pm). C: Leaf-lobe margin (50 pm). D. Leaf-lobe medial cell surface, showing faint rugose ornamentation (25 pm). 

All from NSW895234. 
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Fig. 36. Radula sp. NSW895234 Plate A. A: Ventral view of primary shoot (2 mm). B: Dorsal view of primary shoot 

(500 pm). C-E: Primary shoot lobules (250 pm). F-H: Secondary shoot lobules (250 pm). I: Secondary shoot lobe margins 

(250 pm). J: Female bracts (500 pm). All from NSW895234. 



Radula subgenus Radula in Australasia Telopea 17: 107-167, 2014 163 

Fig. 37. Radula sp. NSW974481 Plate A. A: Ventral view of primary shoot (2 mm). B: Dorsal view of primary shoot 

(500 pm). C-E: Primary shoot lobules (250 pm). F-H: Secondary shoot lobules (250 pm). I: Secondary shoot lobe margins 

(250 pm). J: Cells of leaf-lobe margin, primary shoot (50 pm). All from NSW974481. 
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Fig. 38. Radula sp. NSW974481 Plate B. A: Leaf-lobe medial cell surface, showing rugose ornamentation (25 pm). 

B: Transverse section of primary stem (50 pm). Both from NSW974481. 

Fig. 39. Radula sp. NSW974317 Plate B. A: Leaf-lobe margin (50 pm). B: Transverse section of primary stem (50 pm). 

C: Leaf-lobe medial cell surface, showing rugose ornamentation (25 pm). 
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Fig. 40. Radula sp. NSW974317 Plate A. A: Ventral view of primary shoot (2 mm). B: Dorsal view of primary shoot 

(500 pm). C-E: Primary shoot lobules (250 pm). F-H: Secondary shoot lobules (250 pm). I: Secondary shoot lobe margins 

(250 pm).J: Female bracts (500 pm). All from NSW974317. 
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Appendix 1: Additional species included in molecular phytogeny. 

Radula decurrens Mitt. Flora Vitiensis: 419.1871 [1873] 

Type: Samoa Island. T. Powell s.n. NY! 

Figs 23-24. 

Specimens examined: FIJI: VITI LEVU: west of Namosi Village, 18° 3' 3" S 178° 7' 9" E, 130 m, 30 Aug 2011, 
L. Soderstrom 2011/056, M. von Konratetal. (NSW978127). 

Radula Oceania Castle Cryptogamie, Bryologie, Lichenologie 5:390.1965 

Type: Samoa, Rechinger, No. 3359, as R. multiflora G., in Hb. Steph. (Holotype: G00046045 (G-15116)!) 

Figs 25-26. 

Specimens examined: FIJI: VITI LEVU: Naitasira District, Ulvi Nakoba, vicinity of transmission station at 
summit, 18° 03' 38" S 178° 25' 00" E, 460 m, 29 Aug 2011, M.A.M. Renner 5332 etal. (F; NSW889321; SUVA); 
Rairaimatuku Plateau, Monasavu, on road to Tominivi, 17° 43' 31"S 178° 2' 15" E, c. 900 m, 4 Sep 2011, M.A.M. 
Renner 5571 et al. (EGR; F; NSW895198; SUVA); M.A.M. Renner 5578 et al. (NSW895229); Southern sector 
of Namosi Road, 18° 04' 58" S 178° 09' 44" E, 530 m, 31 Aug 2011, M.A.M. Renner 5412 etal. (F; NSW889516; 
SUVA); Nabukelevu mountain above Nadakuni Village and between Waiaboa Stream and Sovi Basin, 17° 56' 

59' S 178° 16' 16" E, 720-750 m, 1 Sep 2011, M.A.M. Renner 5493, M.J. vonKonrat&F. Rakoro (F; NSW890182; 
SUVA); Kadavu: Nabukelevu-Ira Village lands, Nabukelevu Mountain, Abie’s track to summit from village, 
650-800 m, 19° 07' 16" S 177° 58' 37" E,M.A.M. Renner5721 etal. (NSW974316). 

Radula sp. NSW974474 

Figs 27-28 

Specimens examined: VANUATU: Sanma, E of Penaraou, S of Logmoli airstrip, Espiritu Santo, 14° 58' S 166° 
39" S, 1200 m, Nov 2006, E.A. Brown s.n. (NSW974472, 974474). 

FIJI: VITI LEVU: Rairaimatuku Plateau, on a summit with telecommunication tower, 16 km S of Monasavu, 
17° 47' 31" S 178 01' 14" E, 1265 m, 03 Sep 2011,M.A.M. Renner5522 etal. (NSW890202; F); M.A.M. Renner 

5570 etal. (NSW895197; F; SUVA). 

Radula sp. NSW974478 

Figs 29-30 

Representative specimens examined: VANUATU: Sanma, E of Penaraou, S of Logmoli airstrip, Espiritu Santo, 
14° 21' 49" S 166° 32' 53" E, 600 m, Nov 2006, E.A. Brown s.n. (NSW974478, 974489). 

Radula sp. NSW974485 

Figs 31-32 

Specimens examined: VANUATU: Sanma, E of Penaraou, S of Logmoli airstrip, Espiritu Santo, 14° 21' 49" S 
166° 32' 53" E, 600 m, Nov 2006, E.A. Brown s.n. (NSW974485). 

MALAYSIA: SABAEI: Kinabalu National Park, C.D. Kilgour 939 (NSW978177; SNP). 

Radula sp. NSW973452 

Figs 33-34. 

Specimens examined: FIJI: Kadavu Island: Nabukelevu-Ira Village, Nabukelevu mountain, north-western edge 
of summit crater, 19° 07' 06" S 177° 58' 48" E, 800 m, 9 Sep 2011, M.A.M. Renner 5767 etal. (F ; NSW895644); 
M. A.M. Renner 5782 et al. (NSW978103; SUVA); Nabukelevu-Ira Village, Nabukelevu Mountain, Abie’s track 
to summit from village, 19° 7' 16" S 177° 58' 37" E, 650 m, 9 Sep 2011, M.A.M. Renner 5732 etal. (NSW973452; 
SUVA). 

Radula sp. NSW895234 

Figs 35-36. 

Specimens examined: FIJI: VITI LEVU: Rairaimatuku Plateau, Monasavu, on road to Tominivi, 17° 43' 31" S 
178° 2' 15"E, 1150-1200 m, 4 Sep 2011, M.A.M. Renner 5583 et al. (F; NSW895234; SUVA); M.A.M. Renner 
5577etal. (F; NSW895228; SUVA). 
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Radula sp. NSW974481 

Figs 37-38. 

Specimens examined: VANUATU: Sanma, E of Penaraou, S of Logmoli airstrip, Espiriu Santo, 14° 2T 49" S 
166° 32' 53" E, 600 m, 13 Nov 2006, E.A. Brown s.n. (NSW974480, NSW974481, NSW974483). 

Radula sp. NSW974317 

Figs 39-40. 

Specimens examined: FIJI: Kadavu, Nabukelevu-Ira Village, Nabukelevu Mountain, Abie’s track to summit 
from village up WSW side of mountain, 19° 7' 16" S 177° 58' 37" E, 650-800 m, 9 Sep 2011, M.A.M. Renner 
5717 etal. (NSW974317; SUVA); Kadavu, S ofVunisea of Tavuki (Vunisea-Namara) Road, 19° 4' S 178° 10' E, 
150 m, 7 Sep 2011,M.A.M. Renner etal 5691 (NSW978178; SUVA). 

Radula sp. NSW889416 

Specimen examined: FIJI: VITI LEVU: Naitasiri District, Ulvi Nakoba, vicinity of transmission station at 

summit, 18° 3' 38" S 178° 25' 0" E, 460 m, 30 Aug 2011,M.A.M. Renner5373 etal. (F; NSW889416; SUVA). 
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Abstract 

A review of the genus Ocimum (Lamiaceae) in Papua New Guinea and Australia reveals the presence of five species and 

the natural hybrid, Ocimum x africanum. Ocimum caryophyllinum F.Muell. is reinstated for most of the Australian plants 

previously included in the widespread O. tenuiflorum L. The other species recognized for Papua New Guinea and Australia 

are O. americanum, O. basilicum and O. gratissimum. An identification key, brief descriptions and distribution maps are 

provided for these taxa. An enumeration of collections examined is included. 

Introduction 

The genus Ocimum (Lamiaceae subfamily Nepetoideae tribe Ocimeae) consists of up to about 70 species 
(based on The Plant List 2013) with most native to Central and South America, Africa and Asia (Hayley et al. 
2004). Several species are cultivated as horticultural plants (Cervenkova and Haban 2004; Darrah 1974), for 
medicinal properties (Grosvenor et al. 1995; Gupta et al. 2009; Prakash and Gupta 2005) and/or as ritualistic 
plants (Subrahmanya and Raveendran 2010). Several studies have clarified the genetic diversity of the Ocimeae 
(Paton et al. 2004; Suddee et al. 2004; Suddee et al. 2005) and the genus Ocimum (Grayer et al. 1996; Paton 
et al. 2004; Singh et al. 2004; Vieira 2003). There have been many studies of taxonomic complexities within 
species (Carovic-Stanko et al. 2010; Grayer et al. 1996; Khosla 1993; Paton 1992; Paton et al. 2004). Typification 
problems within the genus have been resolved by Paton (1992) and Paton and Putievsky (1996). 

Taxonomic accounts of the genus in this and neighbouring regions are relatively few (Backer and Bakhuizen 
van den Brink 1965; Conn 1992; Keng 1978; Mabberley and Kok2004; Peekel 1984). The overall morphological 
similarities and distinguishing features of the taxa in the respective regions are dealt with differently by these 
authors. Backer and Bakhuizen van den Brink (1965) recognised several forma to account for the different 
morphological variants in the species of Ocimum occurring in Java (Indonesia). The variants that they 
recognised were characterised by the type of indumentum, calyx and corolla colour, and aroma of crushed 
leaves. Keng (1978) and Peekel (1984) both provided less detail about the morphological variation within the 
species of Malesia and the Bismarck Archipelago (Papua New Guinea), with Peekel (1984) briefly mentioning 
colour variants. Ocimum basilicum and O. tenuiflorum were recognised as occurring in the Kimberley 
region of Western Australia (Conn 1992), but the variation within O. tenuiflorum (s. lat.) (here treated as 
O. caryophyllinum) was not discussed because of the relatively small amount of morphological variation within 
the plants of that region. Prior to this paper, the natural hybrid O. x africanum was not formally recognised as 
occurring in Papua New Guinea or Australia. 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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This paper briefly discusses the taxonomic distinctness and variability of the Ocimum taxa occurring in Papua 
New Guinea and Australia, with the distribution of each taxon summarised according to subregions of Papua 
New Guinea (Womersley 1978), and those of Australia according to the regions of Western Australia (Beard 

1980), the Northern Territory (Chippendale 1972) and Queensland (Anonymous 1975). The relative paucity 
of herbarium collections for most of these taxa and the lack of distinguishing morphological features results 
in the uncertainty of the identity of several. Therefore, the distributional information provided for each taxon 
is very incomplete. Unfortunately, limited material of Ocimum from Indonesian Papua was available during 
this study, resulting in the lack of distributional information for species in the western part of New Guinea. 

Taxonomy 

Distinguishing species and infraspecific taxa are frequently problematic because of the large amount of 
morphological variability, at least sometimes assumed to be a result of hybridization. Since the distinctness 
of species may be often difficult to recognise, several characters may need to be considered when identifying 
species. The following key is provided as a guide to the identification of Ocimum in the Papua New Guinea- 
Australian region. Species descriptions and other notes are arranged in alphabetical order. Refer to Paton 
(1992) and Suddee et al. (2005) for more details on nomenclature and typification. 

Key to species of Ocimum in Papua New Guinea and Australia 

1 Throat of calyx closed in fruit, with abaxial median lobes pressed up against adaxial lip, with lateral lobes 
held level with or lower than the abaxial median lobes; calyx tube with inner surface hairy underneath 

the adaxial lip, otherwise glabrous; mericarps sub-spherical. 5. Ocimum gratissimum 

1. Throat of calyx open in fruit, with adaxial and abaxial lips far apart and lateral lobes held between the 
adaxial and abaxial lips; calyx tube with inner surface glabrous or with a dense ring of hairs at throat; 
mericarps ovoid to obloid. 2 

2 Fruiting calyx initially held somewhat distant and transverse to infructescence axis (becoming more 
downward pointing when mericarp mature) . 3 

2. Fruiting calyx usually sub-appressed to infructescence axis, hence mouth and lobes always downward 
pointed. 5 

3 Calyx throat with a dense ring of hairs; corolla tube funnel-shaped; adaxial staminal filaments with a 
distinct hairy appendage near base; mericarps dark brown to black, copiously mucilaginous when wet; 
corolla at least 4 mm long. 3. Ocimum basilicum 

3. Calyx throat glabrous or hairs very short (<0.2 mm long), sparse, glandular; corolla tube parallel-sided 
to very slightly funnel-shaped; adaxial staminal filaments with a minute indistinct appendage near base; 
mericarps brown, usually not or only very slightly mucilaginous when wet; corolla 3.5-6 mm long ... 4 

4 Petioles 4-10(-12) mm long; leaf lamina ± glaucous, not thin nor membranous (veins often indistinct), 
usually narrowly ovate, (6-) 10-35 mm long, 4-10(-12) mm wide, with base obtuse to very shortly 
attenuate, margin usually ± bluntly serrate to serrulate, sometimes with only one or a few teeth, rarely 
entire; floral bracts with apex shortly acuminate (acumen up to 0.5 mm long); calyx 2-2.5 mm long, with 
inner surface usually sparsely to moderately hairy on lower third. 4. Ocimum caryophyllinum 

4. Petioles 9-20(-30) mm long; leaf lamina green, ± thin and membranous (veins usually distinct), ± ovate 
to elliptic, (17-)20-50 mm long, 8-25 mm wide, with base shortly attenuate, margin bluntly serrate or 
with teeth sub-apiculate; floral bracts with apex distinctly acuminate (acumen 0.5-1 mm long); calyx 
1.5-2 mm long, with inner surface glabrous or abaxially sparsely and minutely hairy. 
. 6. Ocimum tenuiflorum 

5 Fruiting calyx 5-6 mm long; adaxial staminal filaments with appendage 0.7-1 mm long, distinctly hairy, 
and anthers 0.8-c. 1 mm across (on dried material); leaves frequently lemon-scented (when crushed) 
.1. Ocimum x africanum 

5. Fruiting calyx 4-5 mm long; adaxial staminal filaments with appendage indistinct to distinct (short, 
0.1 < 0.5 mm long), flattened, usually glabrous or almost so, and anthers 0.3-0.5 mm across (on dried 
material); variously aromatic. 2. Ocimum americanum 
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1. Ocimum x africanum Lour. Flora cochinchinensis 2: 370 (1790). 

Neotype (Suddee et al. 2005): Cochinchine, Talmy 76 (K; isoneotype: P). 

Ocimum citratum Rumphius Herbarium Amboinense 5: 266, t. 93 f. 1 (1747). 

Ocimum pilosum Willd. Enumeratio Plantarum Horti Regii Botanici Berolinensis 2: 629 (1809). 

Ocimum basilicum L. var.pilosum (Willd.) Benth. in Wall. Plantae Asiaticae Rariores 2: 13 (1830). 

Ocimum americanum L. var.pilosum (Willd.) A.J.Paton KewBulletin 47: 426 (1992). 

Lectotype (Paton 1992): probably cultivated Berlin, from seed of unknown origin, Willdenow herbarium 11064 
(B-W). 

Ocimum x citriodorum Vis. Linnaea 15: Litteratur Bericht 102 (1841). 

Type: unknown, cultivated Padua (PAD). 

Herb, erect, 0.3-1 m high, perennial, branched; branches moderately to sparsely hairy, with hairs more or less 
patent to spreading, multicellular, up to c. 1 mm long, particularly at nodes, and with short, retrorse, appressed 
hairs elsewhere (c. 0.5 mm long), also moderately to densely glandular. Leaves aromatic, frequently lemon- or 
citronella-scented, sparsely hairy, at least on petiole, midvein and margin, or densely hairy throughout; petiole 
5-10 mm long; lamina narrowly elliptic, 15-30(-35) mm long, 6-11 (-14) mm wide; base cuneate, or obtuse 
to rounded {Bean 2965); margin entire or slightly toothed (Bean 2965); apex obtuse to subacute. Inflorescences 
100-350 mm long, simple or branched, slender, spike-like, with uniflorescences c. 6-flowered. Bracts broadly 
ovate, 3-4 mm long; apex abruptly acuminate. Pedicels 2-2.5 mm long. Calyx 2-3.5 mm long, enlarging in 

fruit to 5-6 mm long, usually sub-appressed to infructescence axis; inner surface densely hairy, with hairs long, 
white; abaxial lip with median lobe-pair almost as long as adaxial lip. Corolla violet-green to pale purple, c. 5 

mm long; abaxial lobe c. 3 mm long; lateral and adaxial lobes 1.5-2 mm long. Adaxial staminal filaments with 
a distinct hairy appendage (0.7-1 mm long); anthers 0.8-1 mm across. Mericarps dark brown, 1.5-2 mm long, 
usually not or only very slightly mucilaginous when wet; calyx lobes not enclosing fruit. 

Distribution: This hybrid is known from tropical Africa, Asia and America. In New Guinea it has been collected 
from Indonesian Papua (Digul) and Papua New Guinea (Morobe, Western, Gulf, Central, Milne Bay and New 
Britain). In Australia it has been collected from Queensland (Cook, Burke, North Kennedy, South Kennedy, 
Mitchell, Gregory North). Fig. 1. 

Fig. 1. Distribution map of Ocimum x africanum in Papua New Guinea and Australia, based on authenticated herbarium 

collections. Collection from Indonesian Papua (Digul) is included. 
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Ecology: This hybrid is frequently cultivated and is naturalised in disturbed areas, on river banks and in 
secondary vegetation in both Papua New Guinea and Australia. 

Notes: Ocimum x africanum (also referred to as O. africanum) is of hybrid origin derived from a cross between 
O. basilicum and O. americanum (Paton & Putievsky 1996). This name also refers to the plants produced 
by the doubling of the FI chromosome number, as these forms are morphologically similar (Pushpangadan 
and Sobti 1982). This hybrid ‘freely hybridises with O. basilicum in cultivation and intermediates are not 
uncommon (Suddee et al. 2005, p. 29). 

Ocimum x africanum is most readily identified when in flower by the hairy basal appendages on the adaxial 
staminal filaments. The identity of fruiting material is problematic and collections here identified as 
O. caryophyllinum may prove to be of this hybrid since the fruiting calyx is sometimes less appressed to the 
infructescence axis than would be expected. Although the following collections lack flowers, Fensham 292 
(fruiting), Fensham 2254 (fruiting), Thompson BUC201 (fruiting), Turpin 707 & Thompson (fruiting) and R. W. 

Johnson 1807 (sterile), they are here regarded as likely to be collections of O. x africanum. The hybrid tends 
to have long, ± patent hairs on the branchlets as well as curled retrorse hairs, whereas O. caryophyllinum has 
mostly retrorse hairs. Although, the fruiting calyx is characteristically sub-appressed to the infructescence axis, 
it sometimes remains more or less transversely held (Bean 2965, Wannan 603). 

The identity of Batianoff 900403E & Smith is uncertain. The branchlets of this collections are covered with 
hairs that are spreading to antrorse or antrorsely curled; hairs of leaves are also antrorse; in general the leaves 
are hairier and thicker, with veins distinctly paler than lamina surface (lamina 20-35 mm long, 10-14 mm 
wide); base cuneate; margin less distinctly but still slightly toothed. 

2. Ocimum americanum L. Centuria I. Plantarum 1: 15 (1755). 

Ocimum americanum L. var. americanum: Paton (1992). 

Lectotype (refer Paton 1992): America, Finnean herbarium 749.9 (LINN). 

Ocimum canum Sims Botanical Magazine 51: t. 2452 (1823). 

Ocimum stamineum Sims Botanical Magazine 51: t. 2452 (1823) 

Type: cultivated, seed from China, illustration in Curtis’ Botanical Magazine, t. 2452 (1853). 

Herb, erect, 0.2-0.8(-l) m high; stem and branches moderately to sparsely hairy, with hairs more or less 
patent, multicellular, 1-3 mm long, particularly at nodes, and with short, retrorse, appressed hairs elsewhere 
(c. 0.5 mm long), also moderately to densely glandular. Leaves fragrant; petiole 3-10(-45) mm long, with a 
mixture of long and short, antrorse hairs; lamina narrowly elliptic, rarely elliptic, 11-22 (-70) mm long, 3-8 (- 
32) mm wide; base attenuate to cuneate; margin entire or with an occasional indistinct tooth; apex obtuse; 
both surfaces glabrous or with an occasional hair to densely hairy, especially on abaxial midrib and/or abaxial 
surface, with hairs antrorse, short, sometimes with 1 or a few long hairs. Inflorescence terminal, racemose, 
70 to at least 110 mm long, with uniflorescences c. 6-flowered. Bracts broadly ovate; apex tapering, c. 3 mm 
long. Pedicels 1.5-2 mm long. Calyx 2-3.5 mm long, enlarging in fruit 4-5 mm long, usually sub-appressed to 

infructescence axis. Corolla white, tinted with lilac, c. 6 mm long; abaxial lobe c. 2 mm long; lateral and adaxial 
lobes c. 2 mm long. Adaxial staminal filaments with appendage indistinct or distinct (short, <0.5 mm long), 
flattened, glabrous, almost glabrous or sparsely hairy; anthers 0.3-0.5 mm across. Mericarps dark brown, 
c. 2 mm long, usually not or only very slightly mucilaginous when wet; calyx lobes not enclosing fruit. 

Distribution: This species is widespread in Madagascar, tropical Africa and South Africa, Asia, Himalaya, India, 
Sri Lanka, China, South East Asia to Australia. In Papua New Guinea, it is known from the West Sepik, Morobe, 
Central, Milne Bay, New Britain and New Ireland districts. In Australia, this species occurs in Queensland 
(Cook, North Kennedy, South Kennedy, Port Curtis). Fig. 2. 

Ecology: This species is naturalised in Papua New Guinea and Australia, occurring in open areas and in 
secondary regrowth. Altitude: sea level to 400 m. 

Notes: It is frequently difficult to distinguish between this species and O. x africanum, particularly when 
fruiting. Both have relatively small fruiting calyces with similar indumentum on the branchlets. However, the 

staminal appendage and anther of this species are usually much smaller than those of O. x africanum. The 
staminal appendage of O. americanum is usually glabrous or almost so, rarely sparsely to moderately hairy 
(possibly the result of back-crossing between O. x africanum and O. americanum), whereas this appendage is 
moderately to densely hairy in O. x africanum. 

This species is readily distinguishable from O. basilicum because the following features are smaller: 
corolla,branchlets. Therefore, the more densely hairy variants of O. basilicum, which maybe back-crosses with 
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Fig. 2. Distribution map of Ocimum americanum in Papua New Guinea and Australia, based on authenticated herbarium 

collections. 

O. x africanum, are difficult to distinguish from O. americanum. Occasionally, the branchlets are more or less 
covered with long spreading hairs. However, short retrorse hairs are usually also present. Parkinson 59 (from 
the Bismarck Archipelago of Papua New Guinea) consists of two sheets that are here regarded as probably 
O. x africanum. Although the NSW456321 sheet of this collection has few leaves present and they are small, 
they are within the shape and range of typical specimens of O. x africanum. However, the second sheet 
(NSW388681) has very small, narrow leaves atypical of this species. Furthermore, the indumentum of the 
branchlets of this second sheet is very sparse, suggesting that indumentum density may be variable. 

Paton (1992) recognised two varieties in this species, namely var. americanum and var.pilosum (Willd.) Paton; 
however Suddee et al. (2005) reduced the latter variety to the synonymy of O. x africanum. 

3. Ocimum basilicum L. Species Plantarum 2: 597 (1753). 

Lectotype (refer Paton 1992): Western Asia, Linnean herbarium 749.5 (LINN). 

Herb, erect, 0.5-0.6 m high, branched; branches glabrous or minutely hairy with slightly stiff, retrorse hairs, 
hairs often restricted to opposing surfaces of branches or more densely hairy on two opposing surfaces 
compared to the other opposing surfaces, with or without long more or less spreading hairs at nodes. Leaves 

strongly aromatic, with a sweet spicy to lemon-scented aroma, usually sparsely hairy, at least on petiole and 
midvein; petiole 7-20 mm long; lamina ovate to elliptic, 30-50 mm long, 12-22 mm wide; base cuneate; margin 
entire or shortly toothed; apex obtuse to subacute. Inflorescences 100-150 mm long, simple or branched, 
slender, spike-like, with uniflorescences many-flowered. Bracts narrowly ovate, 2-3 mm long. Pedicels up to 
3 mm long, very short. Calyx 1.5-3 mm long, enlarging in fruit to (5-)6-9 mm long, usually sub-appressed 
to infructescence axis. Corolla white, pinkish or mauve, 6-9 mm long; abaxial lobe c. 3 mm long; lateral and 
adaxial lobes 1.5-2 mm long. Adaxial staminal filaments with a distinct hairy appendage (c. 1 mm long); 
anthers c. 1 mm across. Mericarps dark brown to black, 1.5-2 mm long, copiously mucilaginous when wet; 
calyx lobes not enclosing fruit. 

Distribution: This widely cultivated species extends from tropical Africa through Asia to New Guinea and Australia, 
and also occurs in tropical America. In Papua New Guinea, it occurs in the Morobe, presumably Western (since 
collected from Saibai Island, Cook region, Queensland, Australia), Gulf, Northern, Central and New Britain 
regions. In Australia this species occurs in Western Australia (Dampier, Canning); Queensland (Cook, Burke, 
Moreton, North Kennedy) and is recorded from South Australia (e.g., the Southern Lofty Ranges, Bates 6817), 
presumably as garden escapes. It is not known if any of these plants will become naturalised. Fig. 3. 
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Fig. 3 . Distribution map of Ocimum basilicum in Papua New Guinea and Australia (including Christmas Island), based on 

authenticated herbarium collections. Collections from Timor Leste are also included. 

Ecology: This species occurs in open areas, in secondary regrowth, and frequently grown in gardens where it 
may become a weed, occurring from sea level to elevations of 400 m. 

Notes: In fruiting material, the basal portion of the pedicels usually bends upwards such that fruiting calyces 
are appressed to the axis. The distal half of the pedicel is bent downwards so that the mouth and lobes of the 
calyx are directed downwards. 

4. Ocimum caryophyllinum F.Muell. Fragmenta Phytographiae Australiae 4:46 (1863). 

Lectotype (here designated): ‘Heads of the Isaacs [Isaac] and Bowen River’ [menthol scent], E.M. Bowman 211, 
without date (MEL668752) [menthol scent, sparsely hairy, leaves c. 10 mm long, 6-8 mm wide]. 

Residual Syntypes: ‘Suttor River’,‘flowers pure white’, Anonymous [? E.M. Bowman] 131,without date (MEL668751) 
[menthol scent, leaves 15-22 mm long, 5-8 mm wide, branchlets and leaves densely hairy, hairs long retrorse]; 
‘Suttor River’, Anonymous [? E.M. Bowman] 92, without date (MEL668755) [menthol scent] - probable Syntype; 
‘Bowen River’, Anonymous [? E.M. Bowman] s.n., without date (MEL668759) [menthol scent]; ‘Burdekin River et 
Peak Downs’, Anonymous [F. Mueller] s.n., without date (MEL668749) [sparsely hairy]. 

Ocimum anisodorum F.Muell. Fragmenta Phytographiae Australiae 4:46 (1863); 

Ocimum tenuiflorum var. anisodorum (F.Muell.) Domin Bibliotheca Botanica 89 (4): 562 (1928). 

Syntypes: [Northern Territory] ‘Sturts [Sturt] Creek’, Anonymous [F. Mueller] s.n., without date (MEL668765) 
[faint aniseed scent, sparsely hairy, hairs retrorse, narrow leaves as in O. santum var. angustifolium Benth.]; s. 
loc. [‘Carpentaria Gulf, flumen Albert versus’ (Protologue), W. Landsborough s.n., without date (MEL668757) 
[leaves 16 mm long, 4 mm wide, sparsely hairy]. 

Ocimum sanctum L. var. angustifolium Benth. Flora Australiensis 5: 74 & 75 (1870). 

Type citation (Protologue): ‘N. Australia. Victoria river, Hooker’s and Sturt’s Creeks, F. Mueller; Gulf of 
Carpentaria, F. Mueller, Fandsborough; N. Kennedy district, Daintree; in the interior, McDouall Stuarfs 
Expedition. Queensland. Burdekin and Suttor rivers and Peak Downs, F. Mueller; Bowen, Isaacs and Suttor 
rivers, Bowman. 

Herb, erect, 0.3-1 m high; branches usually moderately to densely hairy, often consisting of long white hairs 
(0.7-2 mm long), ± straight for much of their length, usually spreading and/or ± appressed and retrorse, rarely 

antrorse (several collections from North Kennedy region, Queensland), often restricted to nodes (especially 
when short hairs present), or if hairs short (0.1-0.5 mm long), frequently ± curled, retrorse, rarely antrorse. 
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Leaves strongly aromatic, frequently aniseed-scented, sometimes lemon-scented to slight citronella (several 
collections from the North Kennedy and South Kennedy regions, Queensland), rarely with a musk to clove 
fragrance (Everist 5215), sometimes with menthol/camphor-like odour, usually moderately to densely hairy, 

particularly on petiole and main veins of abaxial surface, but often with indumentum equally dense throughout, 
less frequently sparsely hairy; hairs ± appressed, antrorse, white, either long (to c. 1 mm long) or short 
(to 0.5 mm long); petiole short, (2-)4-10 mm long; lamina ± glaucous, usually ± ovate, often narrowly so, 
(6-) 10-35 mm long, 4-10 mm wide, usually densely glandular (glands sessile), veins usually indistinct; base 
obtuse to very shortly attenuate; margin usually ± bluntly serrate to serrulate, sometimes with only one or a 
few teeth or rarely entire (Byrnes 2576); apex obtuse. Inflorescence (15-) 50-100(-120) mm long, racemose, 
simple or with 2 lateral branches, slender, open; axis retrorsely hairy (as for branches); uniflorescences (3-) or 
6-flowered. Bracts broadly ovate, 2-4 mm long, 2-3 mm wide; base slightly cordate; apex shortly acuminate 
(acumen to 0.5 mm long). Pedicels 2-4.5 mm long, 4-6 mm long in fruit, hairy. Calyx 2-2.5 mm long, 

enlarging in fruit to 4-7 mm long, held somewhat distant and transverse to infructescence axis, becoming 
slightly downward pointing when mericarps mature; inner abaxial surface usually sparsely to moderately hairy 
on lower third (hairs to c. 0.5 mm long), rarely glabrous, podiate (stalked) glands often present. Corolla mauve, 
often with pink-tinge, 3.5-6 mm long; tube with ± parallel sides to slightly funnel-shaped. Adaxial staminal 
filaments with a minute, indistinct ciliate appendage near base; anthers c. 1 mm across. Mericarps pale to 
medium brown, slightly flattened or angular sub-spherical, 1.3-1.5 mm long, usually not or only very slightly 

mucilaginous when wet; calyx lobes not enclosing fruit. 

Distribution: This species is known from Timor-Leste, Papua New Guinea (East Sepik, Madang, Northern, 
Bougainville) and tropical Australia, occurring in Western Australia (Canning), the Northern Territory (Darwin 
& Gulf) and Queensland (Cook, Burke, Mitchell, Leichhardt, North Kennedy, South Kennedy, Gregory North, 
Warrego). Fig. 4. 

Ecology: This species is often common near watercourses and drainage lines, but can often occur on hillsides. 
Common in a variety of vegetation types including, open monsoon forests, dry low open woodlands with 

Eucalyptus erythrophloia, E. terminalis, from margin of, or gaps in, low closed deciduous vine thickets with 
Melaleuca citrolens, Terminalia, and Flindersia collina, and from Brigalow scrub. It occurs on soils ranging from 
cracking gilgaied alluvial clays, loams to red sands, including basalt-, sandstone- and limestone-derived soils. 

Fig. 4. Distribution map of Ocimum caryophyllinum in Papua New Guinea and Australia, based on authenticated 

herbarium collections. Collections from Timor Leste are also included. 
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Notes: Many of the same herbarium collections cited above were used as type material for different taxonomic 
concepts. 

In fruiting material, the pedicels remain more or less patent to the axis, such that the fruiting calyces are held 
distant from the axis with their mouth and lobes directed transversely away from the axis. 

The leaves of this species are frequently greyish green, and although the odour of crushed leaves is variable, 
they are frequently distinctly aniseed- or clove-like, less frequently lemon-scented, and very rarely odourless. 
Although the leaves are usually moderately to densely hairy, Michael 1278 and Anonymous s.n. for F.M. Bailey 
(BRI114507) are both very sparsely hairy. A.R. Bean 5599 & PI. Forster is somewhat intermediate between 
O. caryophyllinum and O. tenuiflorum: some leaves narrower, thickish, grey-green with white hairs, but others 
leaves are more like O. tenuiflorum s. str., namely, thin, membranous with long petiole, some pedicels arching 
as found in O. basilicum, but only a few short hairs on staminal appendage. 

5. Ocimum gratissimum L. Species Plantarum 832 (1753). 
subsp. gratissimum 

Neotype (Paton 1992): cultivated Uppsala, originally from India, Linnean herbarium 749.2 (LINN). 

Perennial herb, 1-3 m high, woody basally (up to 50 mm thick), strongly and frequently unpleasantly aromatic; 
stem and branches glabrous, pubescent when young. Leaves with petiole 20-45 mm long, slender, pubescent; 
lamina membranous, narrow, elliptic-ovate, 50-100 mm long, 25-45 mm wide; base cuneate; margin entire 
basally, elsewhere coarsely crenate-serrate or finely serrate to almost undulate, puberulent or pubescent; apex 
acute. Inflorescences 100-150 mm long, with whorls of flowers in simple or branched, slender open spike-like 
clusters. Bracts ovate, acuminate. Pedicels 3-4 mm long. Calyx 1.5-2 mm long, in fruit 4-7 mm long, held 
more or less patent to infructescence axis; abaxial lip with median lobe-pair minute, tooth-like, much shorter 
than adaxial lip; adaxial lip rounded and recurved. Corolla greenish white to pinkish-white, 3.5-4 mm long; 
outer surface pubescent. Staminal filaments distinctly exserted; adaxial filaments with a bearded appendage 
at base. Mericarps sub-globose, c. 1.5 mm long, brown, rugose, usually not or only very slightly mucilaginous 
when wet; calyx lobes and throat closed in fruit. 

Distribution: This pantropical subspecies is widespread in America, Africa, India and South East Asia. It is 
naturalised in Papua New Guinea (East Sepik, Manus, Morobe, New Britain, New Ireland, and Bougainville) 
and once collected from Australia (Queensland). Ocimum gratissimum subsp. iringense Ayobangira ex Paton 
is endemic to Tanzania (Paton 1992). There are no known records of that subspecies occurring in Papua New 
Guinea or Australia. Fig. 5. 

Fig. 5. Distribution map of Ocimum gratissimum subsp. gratissimum in Papua New Guinea, Australia and Vanuatu, based 

on authenticated herbarium collections. 
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Ecology: This commonly cultivated species occurs in villages and gardens, and in disturbed areas of coconut 
plantations, river banks, road sides and sea-side vegetation, from sea level to 1100 m. 

Notes: The distribution of this subspecies is inadequately known because there are very few collections from 
this region. It maybe more widespread in Australia, but only one collection from the Errk Oykangand (CYPAL) 
National Park, far N Cape York (Queensland: Cook) (McDonald 9790) is known. Paton (1992) recognised two 
varieties in the nominate subspecies (namely, var. gratissimum and var. macrophyllum Briq.). The usefulness 
of this varietal classification in the Papua New Guinea-Australian region is not known and was not applied. 
However, plants of Continental South East Asia have been classified according to these varietal concepts 
(Suddee et al. 2005) and so may also occur in the Papua New Guinea-Australian region. 

6. Ocimum tenuiflorum L. Species Plantarum 597 (1753). 

Lectotype (refer Paton 1992): cultivated Uppsala, Linnean herbarium 749.13 (LINN). 

Ocimum santum L. Mantissa Plantarum 85 (1767). 

Lectotype (refer Paton 1992): cultivated Uppsala, Linnean herbarium 749.7 (LINN). 

Herb, erect, 0.1—0.6(—1) m high; branches moderately to densely hairy with hairs short (0.5-1 mm long), 
retrorsely curled, ± appressed and with long white hairs (to c. 2 mm long) that are frequently ± spreading to 
slightly retrorse. Leaves ± strongly aromatic, usually lemon-scented, moderately to densely hairy throughout 
or particularly on petiole, midrib and major veins; hairs white, antrorsely curled (hairs usually to c. 0.5 mm 
long, less frequently longer); abaxial lamina surface often more densely hairy than adaxial surface, densely 
glandular with sessile glands; petiole 9-20(-30) mm long; lamina green, ± ovate to elliptic, (17-)20-50 mm 
long, 8-25 mm wide, membranous, veins ± distinct; base cuneate to very shortly attenuate; margin bluntly 
serrate to with teeth sub-apiculate; apex obtuse. Inflorescence (30—)80—160 mm long, racemose, simple or 2- 
or more-branched, slender, open; axis retrorsely hairy with short, ± curled and appressed; inflorescence unit 
3-flowered; bracts broadly ovate, 2-3 mm long, 2-3 mm wide; base slightly cordate; apex distinctly acuminate 
(acumen 0.5-1 mm long). Pedicels 1-1.5 mm long, 2-3.5 mm long in fruit, hairy (as for inflorescence axis). 
Calyx 1.5-2 mm long, enlarging in fruit from 3.5-4 mm long, held somewhat distant and transverse to 

infructescence axis; inner surface glabrous or abaxially sparsely and minutely hairy (hairs c. 0.1 mm long), 
podiate glands sometimes present. Corolla mauve, often with pink tinge, or white and often purplish within, 
2.5-3 mm long; tube with ± parallel sides. Anthers c.l mm wide; adaxial staminal filaments with a minute 
indistinct ciliate appendage near base. Mericarps brown, ± flattened ovoid, 1-1.5 mm long, 0.8-1 mm wide, 
usually not or only very slightly mucilaginous when wet; calyx lobes not enclosing fruit. 

Distribution: This species is pantropical, possibly a native of tropical Asia (India and Malaysia, Paton 1992), 
extending from Sri Lanka and India, throughout continental South East Asia, Marianas Islands, Papua 
New Guinea, Australia, and Vanuatu to Fiji. It is also in Africa, cultivated in Tanzania, and probably occurs 
throughout East Africa (Paton 1992). In New Guinea, it is known from Indonesian Papua (Digul) and Papua 
New Guinea (East Sepik, Madang, Morobe and Central). In Australia, it is only known, with certainty, from the 
northern Torres Strait islands (Murray Island: Lawrie 60 - used to perfume coconut oil; Boigu Island: Clarkson 
3851, Cook region, Queensland). However, a few other collections from the Darwin and Gulf region of the 
Northern Territory are regarded as possibly of this species. Fig. 6. 

Ecology: In New Guinea, this species is commonly cultivated in gardens, on brown clay soils, occurring from 
sea level to elevations of about 210 m. 

Notes: Since O. caryophyllinum has been included within the circumscription of O. tenuiflorum, the following 
morphological comparison is provided. Ocimum tenuiflorum (s. str.) has leaves with petiole 9-20(-30) mm 
long (cf. (2-)4-10 mm long in O. caryophyllinum); lamina relatively thin and membranous (cf. thicker in O. 
caryophyllinum), but the lamina of these species are similar in shape, both more or less ovate; O. tenuiflorum 
tends to have a larger lamina, usually c. 20-50 mm long and 8-c. 25 mm wide (cf. (6-) 10-35 mm long, 4-10 
mm wide in O. caryophyllinum); base cuneate to very shortly attenuate (cf. obtuse to very shortly attenuate 
in O. caryophyllinum); margin for both species is often similar, but in O. tenuiflorum the margin is usually 
(perhaps always) slightly toothed, whereas in O. caryophyllinum margin is usually more or less bluntly serrate 
to serrulate, or sometimes with only one or a few teeth, rarely entire. The branchlets of both species are 
moderately to densely hairy and both have long hairs (up to c. 2 mm long); in O. tenuiflorum these long hairs 
are frequently more or less spreading (cultivated - Kebun Raya Bogor, Jawa, Indonesia, Bakhuizen van der 
Brink 8153,13 Sep 1939, BRI), but in O. caryophyllinum these hairs are usually spreading and/or appressed or 
subappressed and then retrorse, rarely antrorse. Ocimum tenuiflorum also has hairs that are retrorsely curled 
(hairs 0.5-1 mm long), but O. caryophyllinum has shorter (0.1-0.5 mm long) retrorsely curled hairs, rarely 
antrorsely curled, and these are often restricted to the nodes. The density of hairs and type of indumentum on 
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Fig. 6. Distribution map of Ocimum tenuiflorum in Papua New Guinea and in the Torres Strait islands of Australia, 

based on authenticated herbarium collections. Collections from the Guadalcanal (Solomon Islands) and Espiritu Santo 

(Vanuatu) are also included. 

the leaves of both species vary in a similar manner. Likewise, there is considerable variation in the odour of the 
crushed leaves of both species, varying from lemon- to clove-scented, to an aniseed aroma. 

In fruiting material of both species, the pedicels remain more or less patent to the axis, such that the fruiting 
calyces are held distant from the axis with the calyx mouth and lobes mostly directed transversely away from 
the axis. However, the calyx may become slightly downward pointing when mericarps mature, more frequent 
in O. tenuiflorum than in O. caryophyllinum. 

Some specimens of O. tenuiflorum from outside the New Guinea-Australian region [for example, P. Venkanna 
5023 (from India); G. Davidse 7349 (Sri Lanka); R. W. Squires 350 (Vietnam); R.C. McGregorBS32216,M. Ramos 
BS5330 (Philippines); W. Greenwood 115 (Fiji) and S.F. Kajewski 64 (Vanuatu)] have densely hairy branchlets 
with mostly long, spreading hairs. Furthermore, the leaf lamina tends to be less membranous, slightly thicker 
than typical O. tenuiflorum. Whether or not this hairy variant is present in Papua New Guinea or Australia is 
uncertain. Brass 3755, Cowley 2 and Kajewski 1825 (all from Papua New Guinea) have an indumentum that 
is similar to the previously mentioned specimens, but not as dense or with more hairs that tend to be slightly 
retrorse rather than just spreading. In mainland Australia, the leaves are less membranous than those of Papua 
New Guinea and the Torres Strait islands. 
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Appendix 

Enumeration of selected collections of Ocimum 

Legend 

1=0. x africanum; 2=0. americanum; 3=0. basilicum; 4=0. caryophyllinum; 5=0. gratissimum subsp. 
gratissimum; 6=0. tenuiflorum 

Adams 1194:1; Addicott 86 & Newton: 2;Alcock 11304:1; Anonymous 1751, Feb. 1928 (BRI): 4; Anonymous s.n. 
[?382] ex J.H. Simmonds: 4;Augusteyn QH001: 2 

Ballingall 1568: 3; Barker 628: 4; Barker 4756 & Chinnock: 4; Bateson 136: 2; Batianoff 411867: 2, 508605: 4; 
Batianoff412353 & Halford: 2,412229: 2, 412475: 2,603105: 2, 60398: 2; Batianoff900403E & Smith: ?1; Bailey 
124:3 (probably this species butno leaves present); Bates 37470:3,50023:3,6817: 3;Bean2964:1,2965:1,3533: 
2, 4683: 4, 5024: 4, 16497:2, 18947: 1, 22149: 4, 31991: 1; 24928: 2, 28835: 2, 29865: 2; Bean 5599 & Forster: 4, 
7440: 4; Beaumont 7034: 4; Bell s.n., (per J.J. Purcell), 9 Mar. 1944: 4; Bennett S6D: 2; Bennie s.n., 28 Sep. 1992: 

4; Blake 8436: 4,14679: 1,19941: 2,21822: 1; Booth 3558: 4, CAM04-5: 4, CAM20-9: 4; Boulton 541: ?1; Boyle 
BGQLD0555: 4; Bradthe 254: 2; Brass 73: 4; 1640: 3, 2815: 6, 3755: 6; Brynes 1298: 3,2576: 4; Burton s.n., Jun- 
Dec 1889: 4 

Carr 16214: 2; Carter 349: 3; Chippendale 1997: 4; Clarkson 3851: 6,3890:1,5102: 2; Clarkson 9537 &Neldner. 
4; Cole 214 & Provan: 4; Conn 4156, Brown &Leist: 4,4157-4171,4177, 4182-4184:4,4188: 2,4189-4191, 4193, 
4196, 4197:1; Conn 4205, Kiapranis & Mavaii: 5; Coveny 6879 & P. Hind: 2; Cowley 2:6,18: 3; Cumming 16076: 
2,22231: 4,23493: 4,23696: 4; EC. Cunningham s.n., 25 May 1964: 2 

Dale 187:1; Davidson 168: 6; Denley SAMP017: 2; Donner 9686: 3 

Edye s.n., Jan. 1959: 1; Everist s.n., 4 Dec 1952: 5; Everist 5066: 3,5068: 3,5109: 2; 5215: 4, 7328: 4 

Fell 830:4,1910:1; Fell 5317 & Barrs: 4; Fell 4525, Stanton & Blackman: 4; Fensham 292:1, 514:4,2254:1,3152: 

4; Flecker 1180:2; Flecker North Queensland Naturalists 2045: 2; Floyd NGF 3509: 3; Ford 5213, Jensen, Cooper & 
McKenna: 6; Forster 3624 & Bolton: 1; Forster 16527 & Figg: 4; Forster 18787 & Ryan: 4; Fox 34: 3; 2127: 2,2345: 
4,2420: 2,2867: 2; Fryar 3617: 6 

Gittins 722:1; Goetze s.n., Feb 2001: 3; Godwin C4433: 2; Gunther 133:1 

Halford Q164:4, Q758:4, Q9007: 2; Harris 33:1; Henderson 2655:1; Hubbard 6761 & Winders: 4; Hyland 5940: 
2 

Jackes 20: 1 (leaves & branchlets densely hairy); Jago 5283 & Wannan: 2; Jensen 89A: 4,2249: 4; Jobson 636: 1, 
671: 2; Johnson 1807: 1, 2378: 6 (similar to O. caryophyllinum, but with longer retrorse hairs on branches), 
3728: 2; Johnson and G. Turpin s.n., 31 Mar 2000: 4; Jolly 17:2 

Kajewski 1825:6,2195:6; Kearney s.n., 19 Jul. 1937:4; Kenneally 9026: 2; Kelly s.n., 22 Jul 1959: 2; Kemp 6359: 2; 
Kemp 879 & Fairfax: 4; Kemp 11327 & Radford: 1; Kendall s.n., Mar. 1991: 4; Kerenga LAE76432: 5, LAE76433: 
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2; G.R. le Hunte s.n., Jan. 1900:1; Lelean LAE 76436: 2, LAE76437: 2; Kupsch 2: 2 

Lauterbach 749: 1; Laurie 27:1,60:6,61: 1; Lepschi 1933 & Lolly: 2; Lewandowsky 50: 3 

Mann NGF43340: 2; McDonald 1875: 4,2815: 4,4816: 6,6139: 2, 8857: 2,9796: 2,12745.1: 2; McDonald 5465 & 
Covacevich: 4; McDonald 8745, Turpin, Couburn & Schulter: 6; McDonald 9790: 5; McKenna 828: 5; Metreyard 
TWR313: 2; Michael 1278: 4; Millar 1923: 3; Millar & Vandenberg NGF 40930: 2; Milson 581: 4; Mitchell 3089: 
3,4361: 3,4317: 3, 5526B: 3, 6763: 4; Mitchell 5689 & Brockway: 3 

Neldner 1622:1; Neldner 3508 & Thompson: 2; Newton & Skerman s.n., Jul. 1950: 4 

O’Keefe s.n., 8 Jan 1989: 4 

Parkinson 59 (NSW456321): 1, (NSW388681): 1; Pearson 151: 4; Pegler 170: 4; Perry 1694: 4; Phelps 55: 4; 
Pickering 44: 2; Pollock 2203: 6,2304: 2; Pullen 6495: 3, 8997: 4 

Roche s.n., 25 Jun 1997: 2; Rozefelds 10: 4; Pyan 1456: 4 

Sankowsky 1888 & N. Sankowsky: 4; Schencker s.n., anno 1909: 6; Schiefenhoevel 29: 3; Schmid 587: 4; Setter 
RV16: 2; Sharpe 2798: 4; Sikdar 188: 1; L. Smzt/z s.n. 1 May 1985: 2; Smzt/z T195: 1 (probably, but leaves small, 
less likely to be O. basilicum); Stevens LAE50142: 4; Story & Yapp 145: 4; Streimann & Kairo NGF44428: 3; 
Swarbrick 9434: 5; Swinburne s.n., 22 May 1942: 4; Swinbourne 652: 3 

Tan s.n., Apr. 1987: 3; Thompson 2614:2,2648:2, CHA639: 3; Thompson 283 &Dillewaard: 1,492: 3; Thompson 
72 & Henderson: 1; Thompson NOR402 & Newton: 4; Thompson BUC481 & Sharpe: 1, CHA74 & Sharpe: 2; 
Thompson BUC201 & Simon: 1; Thompson LON6 & Turpin: 4; Thompson TAN250 & Wilson: 4; Thorne 20968 
& Jones: 2; Trapnell s.n., 28 Dec. 1961: 3; Trudgen & Butler BES MST 350: 3; Turpin 707 & Thompson: 1,425: 4 

Volger 4: 2 

Walser s.n., Apr 1953: 2; Wannan 556: 2, 663: 1,1172: 4; Wannan 5037 & Graham: 1, 5038: 4; Wannan 2086 & 
Jago: 1; Waterhouse 3879: 6, 6193: 2, 6364: 6; Weinland 207: 2; White 66: 3, 764: 6, 1425: 1 (fruiting: possibly 
hybrid - densely hairy), 10727: 2; Whitehead 6: 3; Wiakabu & M.C. LAE73476: 5, LAE73562: 3; Williams 8: 2, 
77665:1, Williams 85061: 4; Witten 1: 3; Womersley NGF24782: 6 
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Abstract 

Five liverwort species are reported for the first time from the New Zealand Botanical Region, all from Raoul Island in 

the Kermadec Islands group: Ceratolejeunea belangeriana, Notoscyphus lutescens and Lepidolejeunea integristipida (new 

records for their respective genera in New Zealand), Acrolejeunea pycnoclada var pycnoclada and Cheilolejeunea ceylanica. 

Keys to Australasian Acrolejeunea and vitate species of Cheilolejeunea subg. Xenolejeunea are provided. 

Introduction 

The Kermadec Islands group (29° 15' - 31° 30' S, 177° 55'- 179° 00' W) (Fig. 1) is the northernmost extension 
of the New Zealand Botanical Region (sensu Allan 1961; Wardle 1991). Of the 29 or so islands, islets, rock 
stacks and emergent reefs that make up the group, Raoul Island at 2943 ha and elevations up to 518 m. a.s.l. is 
the largest, highest and only island supporting a dense cover of indigenous forest. Although the vascular flora 
of the Kermadec Islands are especially well documented (e.g. Sykes 1977; Sykes & West 1996) the bryophyte 
flora (particularly the hornwort and liverwort flora) remains poorly known. Campbell in Sykes (1977), based 
largely on gatherings from Raoul and Macauley Islands, listed 20 hornwort and liverwort taxa, and Beever 
et al. (1996) accepted 52 mosses for the island group. Since then there have been only a few publications 
dealing with new bryophyte records for the island (Campbell 1997; Fife & de Lange 2009; Renner & de Lange 
2011; Renner et al. 2013a), new endemic taxa (Engel & Merrill 1999; Renner 2005) and/or reinstatements 
of synonymised species (So 2001; Engel & Merrill 2010). Currently, there is one liverwort endemic to the 
Kermadec Islands, Plagiochila pacifica Mitt, which is known only from Raoul Island, (So 2001; Engel & Merrill 
2010). A second species, Radula erigens (M.A.M.Renner & Braggins) M.A.M.Renner (Renner 2005; Renner et 
al. 2013b), described initially as an endemic subspecies of R. cordiloba Taylor (Renner 2005), is now regarded 
as synonymous with R. javanica Gottsche (Renner 2014). There are no known endemic mosses (de Lange & 
Beever in press) or hornworts occurring in the Kermadec Islands. 

In May 2011, the Auckland War Memorial Museum (AK) led the Kermadec Biodiscovery Expedition visiting all 
the main islands, islets and rock stacks, except for Curtis, Haszard, ‘Haszardette’, Milne and Dougal Rocks. As a 
result, five taxa new to the Kermadec Islands, as well as for the New Zealand Botanical Region, were identified: 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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Acrolejeunea pycnoclada (Taylor) Schiffner var. pycnoclada, Ceratolejeunea belangeriana (Gottsche) Steph., 
Cheilolejeunea ceylanica (Gottsche) R.M.Schust. & Kachroo, Lepidolejeunea integristipula (Jack & Steph.) R.M. 
Schust., and Notoscyphus lutescens (Lehm. & Lindenb.) Mitt. A description of the habitat of each of these taxa 
and their conservation status in the New Zealand Botanical Region are provided using the New Zealand Threat 
Classification System (Townsend et al. 2008). 

Kermadec Islands 

29° 

Raoul Island 
C 

Northern group 

30°S 

Macauley Island^ Haszard |s|e, 

Cheeseman Island.. Curtis is,and 

Southern group 

31° 

N 

L’Esperance Rock 

0 50 km 

179°W 178° 

Fig. 1. Location and spatial extent of the Kermadec Islands. A, General map showing position of the Kermadec Islands 

relative to Norfolk Island and the North and South Islands of New Zealand; B, Details of Kermadec Islands; C, Herald 

Islets, Meyer Islands, Raoul Island of the Kermadec Islands. 

New records for the New Zealand Botanical Region 

Acrolejeunea pycnoclada (Taylor) Schiffner var. pycnoclada: Engl. & Prantl, Naturlichen Pflanzenfamilien I, 
3(1): 128 (1893). 

Ptycanthus pycnocladus Taylor Journal of Botany 5: 835 (1846). 

Lejeunea pycnocladus (Taylor) Mitt. Journal of the Proceedings of the Linnean Society, Botany 5: 111 (1861). 

Ptychocoleus pycnocladus (Taylor) Steph. Species Hepaticarum 5: 52 (1912). 

Type: MALAYSIA. Malacca, Cantor s.n. (holotype fide Gradstein, 1975: FH! Taylor Herbarium; isotypes: G! 
MANCH, NY, S, U, W). 
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Corticolous. Plant olive-green. Stems to at least 8 mm long, mostly shorter, appressed to bark. 0.3 mm 
(dry)-0.9 mm (wet) wide; 90-110 pm diameter, ventral merophyte of 4 or 5 cells in width, Cortical cells 
subrectangular to irregular, 20-30 x 12-22 pm with c. 17 cortical cells surrounding c. 20 medullary cells. 

Branches mostly of Lejeunea type but occasionally Frullania type. Leaves imbricate when dry, spreading but 
not squarrose when wet. Lobe c. 540 x 330 pm, broad, shortly crescent-shaped with apex rounded, incurved. 
Dorsal base not auriculate. Ventral margin short and ± recurved. Keel curved, not decurrent and cells not or 
weakly protuberant. Median leaf cells ovoid, 22 x 15-16 pm, base cells larger 29-31 x 16-17 pm, trigones 
medium-sized, Y-shaped (sides swollen), intermediate thickenings scattered to scarce. Oil-bodies not present. 
Lobule narrowly ovate-rectangular with apex slightly oblique, free margin almost straight. Teeth (2 or)3, each 
1 or 2 cells long, erect, first cell at tip of free margin, hyaline papilla at base of second tooth (the ‘apical tooth’), 
lobule is about half length of lobe. Underleaf, slightly overlapping base of adjacent underleaf, broadly oval, 
c. 190 pm long, c. 320 wide. Median cells ovoid, 15-18 x 13-15 pm, slightly larger at base, 22-25 x (9—) 10(—13) 
pm. Rhizoid disc small. Sporophyte not seen. Fig. 2 

Specimen examined: New Zealand, Kermadec Islands Nature Reserve, Raoul Island, Sunshine Valley, near Sunshine Bivy, 

16 May 2011, P.J. de Lange K688 (AK325478, F, NSW). 

Recognition: The female bracts of Acrolejeunea pycnoclada are distinctive in being cucullate, and closely 
adpressed to one another. The lobule bears two small triangular teeth that are two cells broad at the base, and 
in this character differ from other Australian species. The lobule of A. securifolia has 3 or 4, 1-3-celled teeth 

that are usually clawed toward and behind the ventral surface of the lobule, and so are difficult to observe. 
The lobules of A. mollis Steph. have a single prominent, triangular tooth. Acrolejeunea pycnoclada from Raoul 
Island does not have the distinctly punctate surface ornamentation found in Australian plants (Renner 2013). 

Distribution: Acrolejeunea pycnoclada var. pycnoclada is widespread through Africa, Indo-Malesia and the 
Pacific (Gradstein 1975), whereas in the New Zealand Botanical Region it is known only from the single 
gathering from Raoul Island in the Kermadec Islands. 

Fig. 2. Acrolejeunea pycnoclada var. pycnoclada A: ventral view of shoot. B: lobule showing teeth. C: marginal 
leaf-lobe cells. D: medial leaf-lobe cells. All from AK325478. 
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Habitat: The gathering came from the branch of a Metrosideros kermadecensis W.R.B.Oliv. Acrolejeunea 
pycnoclada var. pycnoclada grew in association with the liverwort Frullania rostrata (Hook.f. & Taylor) Hook.f. 
& Taylor, moss Calymperes tenerum MiilLHal., ferns Pyrrosia eleagnifolia (Bory) Hovenkamp and Asplenium 
aff. haurakiense (Brownsey) Ogle, and a number of lichens including Heterodermia obscurata (Nyl.) Trevis., 
Hypotrachyna costaricensis (Nyl.) Hale, Parmotrema reticulatum (Taylor) M.Choisy, and Pseudocyphellaria 
argyracea (Delise) Vain. 

Conservation Status: Although A. pycnoclada var. pycnoclada is widespread outside of New Zealand, it is 
known only from a single gathering from Raoul Island in the New Zealand Botanical Region, where it was 
abundant on Metrosideros kermadecensis in that locality. Therefore, the conservation status of this species is 
here regarded as Data Deficient, qualified OL [One Location] and SO [Secure Overseas]. 

Key to Australasian Acrolejeunea 

A key to all Acrolejeunea species currently known from Australia and New Zealand that builds on the key to 
Australian species in Renner (2013) is presented below. 

1 Plants large, shoots to 1.5 mm wide, reddish brown; leaf lobe cells arranged in radiating rows; lobules 
narrowly pyriform, keel straight most its length, inclined at 30-45° to stem (measured on shoot apex side 
of angle), lobule bearing two teeth . 2 

1 Plants medium to small, shoots 0.8-1.3 mm wide, mid-green, yellow-green or grey-green, never reddish; 

leaf lobe cells not arranged in radiating rows; lobules narrowly obpyriform to trapeziform, keel straight or 
arched, inclined at 60-80° to the stem, lobule bearing one, three or four teeth. 3 

2 Dioicous; androecia intercalary on leading shoots; female bracts in two gyres, bract lobe apices obtuse- 
acute, bract lobes particularly those of inner gyre often reflexed; perianths exserted above bracts at 
maturity, underleaves ovoid to longitudinally oblong; lobule second tooth shorter or longer than lobule 
first tooth. Acrolejeunea arcuata (Nees) Grolle & Gradst. subsp. arcuata 

2 Autoicous; androecia on short lateral branches; female bracts in one gyre, bract lobe apex rounded, bract 
lobes not reflexed; perianths immersed within bracts at maturity; underleaves longitudinally oblong 
c. 0.2x the shoot width; lobule second tooth longer than lobule first tooth . 

. Acrolejeunea arcuata subsp. gradsteinii M.A.M.Renner 

3 Lobule with one prominent tooth . 4 

3 Lobule with 3 or 4 teeth. 5 

4 Perianth not or only slightly emergent, plicate V4-V3 of length, beak 7-8 cells long, underleaf 0.5 mm wide 
. Acrolejeunea mollis (Hook.f. & Taylor) Schiffn. 

4 Perianth emergent for Vi its length, plicate over V2-V3 its length, beak 3-4 cells long, Underleaf 0.6-0.8 mm 
wide. Acrolejeunea allisonii Gradst. 

5 Lobule with four teeth, the first of one or two cells, the remainder unicellular, evenly distributed along the 
broadly rounded lobule free antical margin; underleaf weakly obovate; female bract margins entire. 
. Acrolejeunea aulacophora (Mont.) Steph. 

5 Lobule with three teeth, variously one to three celled, unevenly distributed along the lobule free antical 
margin; underleaf ovate or obovate; female bract margins scalloped or entire . 6 

6 Lobule arch one or two cells, (first lobule tooth one or two cells from the junction of the lobe and lobule), 
first and/or second lobule tooth hooked, lobule carinal region broadly pyriform, keel curved; leaf lobe 
cells finely punctulate; female bracts cucullate, margins entire; perianth rostrum 8-12 cell tiers high. 
. Acrolejeunea pycnoclada (Taylor) Schiffn. var. pycnoclada 

6 Lobule arch 4 or 5 cells (first lobule tooth four or five cells from the junction of the lobe and lobule), lobule 
teeth not hooked, lobule carinal region narrowly pyriform, keel straight; leaf lobe cells unornamented; 
female bracts plane, margins scalloped; perianth rostrum 3-7 cell tiers high. 
. Acrolejeunea securifolia (Nees) Watts subsp. securifolia 
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Ceratolejeunea belangeriana (Gottsche) Steph. Species Hepaticarum 5: 396 (1913). 

Lejeunea belangeriana Gottsche in Gottsche et al. Synopsis Hep aticarum 398 (1845). 

Type: REUNION. Without more specific locality, Belanger ex herb. Steph. ‘Original’ (BM!). 

Ceratolejeunea oceanica (Mitt.) Steph. in Reinecke Botanische Jahrbucher 23: 310 (1897). 

Lejeunea oceanica Mitt. Flora Vitiensis 414 (1871 [1873]). 

Ceratolejeunea oceanica (Steph.) Horik .Acta Phytotaxonomica et Geobotanica 13: 214. (1943) nom. illeg. 

Lopholejeunea oceanica Steph. Species Hepaticarum 6: 378 (1923). 

Type: SAMOA. Without more specific locality, T. Powell s.n. (NY). 

Ceratolejeunea renistipula Steph. Botanische Jahrbucher 20: 236 (1895). 

Type: TAHITI. Without more specific locality, M. Vesco 85 (G-11910!). 

Forming loose patch of dispersed shoots mixed with and growing on other bryophytes. Shoots golden- 
brown to black (in dried material), medium-sized for genus, to 10 mm long and 0.8-1.3 mm wide, branching 
irregular, shoot system monomorphic. Stems with seven inflated cortical cells and up to 20 smaller medulla 
cells, cortical and medulla cell walls golden-brown to dark-brown pigmented, walls not heavily thickened, but 
with triangular trigones at cell junctions. Dorsal leaf-free strip absent. Leaf-lobes rotund to asymmetrically 
ovate with apex near postical lobe margin, 480-750 pm long, 380-500 pm wide, apex rounded on smaller 

to acute on larger lobes, margin with scattered triangular teeth comprised of 3-5 cells around apex, concave, 
imbricate, interior margin extending over stem to opposite stem margin and obscuring stem in dorsal view. 

Leaf lobes not vittate, but consistently with 2 or 3 scattered ocelli at leaf base, medial cells rounded to oblong, 
20-28 pm long and wide, walls with continuous secondary thickening more pronounced at junctions forming 
triangular trigones, medial thickenings occasional but obscure, cells becoming larger toward leaf-lobe base, 
marginal cells quadrate to oblong, 8-15 pm long and wide, walls appearing to lack secondary thickening and 
occasionally also pigmentation in the free external wall. Oil-bodies not known. Lobules dimorphic, often 
explanate, when developed 120-150 pm long and 90-120 pm wide at base, approximately one twentieth the 
lobe area, pyriform, keel curved, carinal region strongly and continuously inflated along entire keel length 
and lobule width, lobule antical margin inrolled, not visible in ventral view, lobule arch 3 cells, lobe-lobule 

junction lying postical to the base of the first lobule tooth, first lobule tooth 1-celled, triangular with a 
sharp apex, long axis perpendicular to stem so as to point sideways and extend beyond the lobule exterior 

margin, lobule second tooth unicellular, more or less incorporated into lobule margin, lobule papilla attached 
to lobule margin immediately above the first tooth. Underleaves rotund, cordate, contiguous to imbricate, 
broadest near base, 300-500 pm long, 500-750 pm wide, bifid to 0.3x, sinus V-shaped, narrow, c. 70 pm 
deep, lobes acute, with a single cell at lobe apex. Underleaf insertion U-shaped across two ventral cortical 
cells, lateral basal cells of underleaf not inflated, underleaf base not cordate. Oil-bodies not known. Asexual 
reproduction absent. Paroicous. Androecia on modified, determinate, secondary shoots bearing 2-8 pairs 
of bracts. Gynoecia terminal on primary or secondary shoots, subtended by 2 subfloral innovations when 
located on primary shoots and 1 subfloral innovation when on secondary shoots, subfloral innovations always 
with Pycnolejeuneoid merophyte sequence, female bracts elliptic-ovate, acute, denticulate, bracteole narrowly 
elliptic, lobes acute, divided to 0.5x, margin irregular to denticulate, perianths to 1 mm long, more or less 
immersed among bracts, 5-carinate, lateral and ventral carinae cornute so perianth bears 4 horns that project 
above bracts, stipa not developed in observed perianths. Sporophyte not seen. Fig. 3. 

Specimen examined: New Zealand, Kermadec Ecological Region and District, Kermadec Islands Nature 
Reserve, Raoul Island, base of, Sunshine Valley Waterfall, 29° 17' 10.8" S 177° 55' 45.7" W, c. 53 m, 16 May 
2011, P.J. de Lange K1147 (AK329755). 

Recognition: Ceratolejeunea belangeriana is recognised by its dark brown to black colouration in combination 

with large, bifid underleaves whose base is cordate, the obscurely dentate leaf-lobe margin, and presence of 
ocelli at leaf-lobe base. This species is similar to many of the larger species of Lopholejeunea in its golden brown 
to black colour, but easily distinguished by its bifid underleaves. When fertile, the horn-bearing perianths are 
also characteristic of this species. 

Distribution: Ceratolejeunea belangeriana is widely distributed throughout the Pacific and, in its current 
broadly accepted circumscription, extends as far west as South Africa. 

Habitat: Ceratolejeunea belangeriana was collected at the base of Sunshine Valley Waterfall, where it grew as 
scattered shoots admixed with Plagiochila stephensoniana Mitt, among a large mat of Radula javanica that was 
carpeting a damp boulder directly below the ephemeral waterfall. 
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Fig. 3. Ceratolejeunea belangeriana A: ventral view of large shoot. B: ventral view of small shoot. C: Dorsal view 
of perianth. D: ventral view of lobule. E: marginal leaf-lobe cells. F: medial leaf-lobe cells. All from AK329755. 

Conservation status: Ceratolejeunea belangeriana is known from the New Zealand Botanical Region from the 
single Raoul Island gathering. We assign this species a conservation status of Data Deficient, qualified OL and 
SO, for the New Zealand part of its range. 

Cheilolejeunea ceylanica (Gottsche) R.M.Schust. & Kachroo Journal of the Linnean Society, Botany 56: 509 
(1961). 

Pycnolejeunea ceylanica (Gottsche) Schiffn. Hepaticae ... aus Engler-Prantl, Die naturlichen Pflanzenfamilien : 
124 (1893). 

Pycnolejeunea ceylanica (Gottsche) Steph. Hedwigia 28: 259 (1889), nom. inval. 

Lejeunea ceylanica Gottsche Synopsis Hepaticarum 3: 359 (1845). 

Type: CEYLON, “inter Rad. boryanum. mis. Hooker” (isotype: G-19377). 

Cheilolejeunea verdoornii (G.Hoffm.) R.M.Schust. & Kachroo. Journal of the Linnean Society, Botany 56: 509 
(1961). 

Pycnolejeunea verdoornii G.Hoffm. Annales Bryologici 8: 118 (1935). 

Type: INDONESIA. “Java orient., Res. Pasoewean, in mm. Tengger, in silvis primigen, in decliv. G. Ajek-Ajek,” 

ca 2100 m, anno 1930, Verdoorn s.n. (holotype: JE, isotype: FH) syn. fide Thiers (1992). 
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Euosmolejeunea setchelii Pearson. Publications of the Carnegie Institution of Washington 20: 148 (1924). 

Type: SAMOA. Tutuila Is., Aua-Aofono trail, Jun-Jul 1920, Setchell 1161a!1277a (holotype: MANCH) syn fide 
Thiers (1992). 

Lejeunea connivens Gottsche ex Schiffn. Forschungsreise S.M.S. °Gazelle4, Botanik: 32. (1889 [1890]). 

Type: INDONESIA. Moluccas, Amboina Is. °in litore boreali-occidentali ...” leg. Naumann, 7 Jun.1875. syn 
fide Soderstrom (unpublished data). 

Pycnolejeunea arietina Tixier. Bulletin de la Societe d’Histoire Naturelle de VAfrique du Nord 63: 9 (1972). 

Type: MALAYSIA. Kedah distr, Kedah Peak, 900 m, leg. Tixier 6069 (holotype: PC slide) syn. fide Grolle 
(1979). 

Forming loose patches of dispersed shoots mixed with and growing on other bryophytes on tree trunks. Shoots 
brown-green (when fresh), light-brown (when dried), medium-sized for genus, to 10 mm long, 0.9-1.3 mm 

wide, branching infrequent and irregular, shoot system monomorphic. Stems with seven cortical cells and 
up to 15 smaller medulla cells, cortical and medulla cell walls with yellow-brown pigmentation, external free 
cortical cell wall, radial longitudinal cortical walls and inner tangential cortical walls continuously thickened, 
with bulging trigones at cell junctions, medulla cell walls with bulging trigones confluent across medial walls, 
constricting the cell lumen. Dorsal leaf-free strip present, dorsal cortical cell row not or only partly covered 
by leaf insertion lines. Lobes elliptic-oblong, slightly falcate and then almost reniform, 440-750 pm long, 
360-430 pm wide, flat, imbricate, interior margin extending over stem to opposite stem margin and obscuring 

stem in dorsal view, lobe apex broadly rounded. Leaf lobes vittate, basal and medial cells oblong, 15-25 pm 
long, 10-20 pm wide, with concave trigones, medial thickenings common but obscure, transition to marginal 
cells gradual on all sides of vitta, marginal cells quadrate to oblong, 8-10 pm long and wide, walls continuously 
thickened, triangular trigones present. Oil-bodies not known. Lobules monomorphic, always well developed, 
200-250 pm long, 65-115 pm wide, large lobules one seventh the lobe area, rectangular to falcate, keel 
straight to arched, carinal region weakly and continuously inflated along keel length, lobule antical margin 
not inrolled, visible in ventral view, lobule arch arched, 1-3 cells, lobe-lobule junction lying postical to base 
of first lobule tooth, first lobule tooth 1-celled, partially or completely incorporated into the exterior lobule 
margin, lobule second tooth multicellular, 3-5 cells, 2 cells wide at base, uniseriate for 2 or 3 cells, originating 
perpendicular to shoot axis, but curved backward, apex pointing toward postical lobe margin, overtopping 
first tooth, lobule papilla attached to lobule margin immediately above first tooth. Underleaves elliptic-rotund, 
remote, to contiguous, broadest at midpoint, 260-340 pm long, 220-280 pm wide, bifid to 0.4x on larger 
underleaves, sinus V-shaped, narrow, 70-120 pm deep, lobes obtuse, with a single cell at lobe apex. Underleaf 
insertion transverse across two ventral cortical cells, lateral basal cells of underleaf weakly inflated, underleaf 
base not cordate. Oil-bodies not known. Asexual reproduction not known. Dioicous (?). Androecia terminal 
on primary shoots or lateral on secondary branches. Gynoecia, perianths and sporophytes not seen. Fig. 4. 

Specimens examined: New Zealand, Kermadec Islands Nature Reserve, Kermadec Islands northern group, Raoul Island, 

Smiths Bluff track just past Mahoe, 29° 17' 24" S 177° 56' 59" W, 330 m, 15 May 2011, P.J. de Lange K731 (AK325641, 

NSW900223); Moumoukai-Prospect track (roughly half-way between Moumoukai and Prospect), 29° 16' 30" S 177° 55' 

17" W, 15 May 2011, P.J. de Lange K733 (AK325644, NSW851682). In both specimens C. ceylanica is scattered over and 

among Radula javanica. 

Recognition: Cheilolejeunea ceylanica is readily recognised by the combination of long rectangular lobules 
with a more or less straight keel extending about two-thirds of the leaf-lobe width, the second lobule tooth 
3-6 cells long (terminology follows Renner 2012), and the group of enlarged cells, 4 or 5 cells long, 3 or 4 cells 
wide, in the leaf-lobe base that are weakly differentiated from surrounding cells. The shape of the lobule places 
the species into subg. Xenolejeunea. 

Distribution: Cheilolejeunea ceylanica has a paleotropical distribution, and has been reported from Japan, 

Thailand, the Philippines, and Indonesia (Mizutani 1980), the wet tropics of Queensland (Thiers 1992), and 
Fiji (Poes et al. 2011). The record for the Kermadec Islands extends the distribution south and east, and, on the 
basis of this record, its occurrence throughout the Pacific should be anticipated. 

Habitat: Cheilolejeunea ceylanica is an epiphyte that can inhabit all tree surfaces. It may form near-pure patches 
or occur in multi-species mats with other bryophytes. On Raoul Island Cheilolejeunea ceylanica is known 
from two gatherings in which it grew scattered with Lejeunea gracilipes and Lepidolejeunea integristipula as an 
epiphyte (or epipmuscicole) on the liverwort Radula javanica. 

Conservation Status: Cheilolejeunea ceylanica is known from the New Zealand Botanical Region by two 
gatherings made on Raoul Island. We assign this species a conservation status of Data Deficient, with qualifiers 
OL and SO. 
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Fig. 4. Cheilolejeunea ceylanica A: ventral view of shoot. B: moniliform second lobule tooth pointing toward 
postical lobe margin. C: marginal leaf-lobe cells. D: basal leaf-lobe cells. All from AK325644. 

Key to vittate and ocellate species of Cheilolejeunea subg. Xenolejeunea 

The key to vittate and ocellate Australasian species of Cheilolejeunea subg. Xenolejeunea from Renner (2012) 
is reproduced below. 

1 Enlarged cells grouped in the leaf base, not forming a line of cells down leaf and not also scattered elsewhere 
in the lobe, leaf lobe ovate-elliptic, apex rounded, reflexed or otherwise. 2 

1 Enlarged cells forming a line of cells along leaf mid-line, and also scattered elsewhere in the leaf lobe, leaf 
lobe ovate-triangular, apex obtuse, reflexed . 
. Cheilolejeunea falsinervis (Sande Lac.) Kachroo & R.M.Schust. 

2 Vitta cells markedly differentiated from surrounding cells, vitta zone up to 15 cells long and 10 cells wide 
. 3 

2 Vitta cells weakly differentiated from surrounding cells, vitta zone 4 or 5 cells long, 3 or 4 cells wide . 
. Cheilolejeunea ceylanica (Gottsche) R.M.Schust. & Kachroo 

3 Vitta cells round, with 2 or 3 distinct medial thickenings per wall, vitta zone extending beyond the lobule 
apex, second lobule tooth on largest lobules up to 5 cells long, lobule fused to lobe across a single cell, 
explanate lobules with one teeth, cladia absent. 
. Cheilolejeunea vittata (Steph. ex G.Hoffm.) R.M.Schust. & Kachroo 

3 Vitta cells oblong, without distinct medial wall thickenings, vitta zone extending to two thirds the lobule 
length, second lobule tooth on largest lobules up to 3 cells long, lobule fused to lobe across 1 or 2 cells, 
explanate lobules with two teeth, cladia present . 

Cheilolejeunea oscilla M.A.M.Renner 
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Lepidolejeunea integristipula (Jack & Steph.) R.M.Schust. Phytologia 45: 425 (1980). 

Pycnolejeunea integristipula Jack & Steph. Beihefte zum Botanischen Centralblatt 60: 107 (1894). 

Type: FIJI. Viti insulae, Ovalau,in monte Tana-lailai, anno 1864, Graeffe (holotype/zde Piippo (1986): G-20388). 

Known from a few shoots growing scattered through bryophytes epiphytic on Radula javanica, yellow-brown 
when dry, medium-sized for genus, to 15 mm long, 0.8-0.9 mm wide, branching infrequent and irregular, 
shoot system monomorphic. Stems with external and internal walls unthickened except for weak concave 
trigones of primary wall around cell wall junctions, 7 cortical cells and 5-10 smaller medullary cells. Dorsal 
leaf-free strip absent. Lobes rotund, 350-400 pm long and wide, plane. Lobe apex rounded, postical margin 
straight toward keel, antical margin continuously curved, exceeding opposite stem margin. Basal and medial 
cells irregularly hexagonal, 15-25 pm long, 9-18 pm wide, thin-walled with weak concave trigones, medial 
thickenings absent, marginal cells quadrate, 12-18 pm long and wide, thin-walled, external wall protruding, 
triangular in outline, lobe margin serrulate as a result. Lobules relatively tiny, 70-80 pm long and wide, about 
one thirtieth the lobe area, almost sphaeroidal with inflation of carinal region, keel curved, mostly in outer half, 
base perpendicular to stem. Carinal region inflated, lobule antical margin inrolled, obscured in ventral view 
except for area in vicinity of first tooth; lobule arch straight, 2 cells, angle between arch and keel 10° at lobe- 
lobule juncture, lobe-lobule junction lying slightly postical to the base of the first lobule tooth. First lobule 
tooth 1-celled, triangular, oriented perpendicular to shoot axis or pointing outward. Lobule second tooth 
not or only weakly differentiated from adjacent marginal cells. Underleaves reniform, remote to contiguous, 
broadest at midpoint, 250-310 pm long, 520-600 pm wide, entire. Underleaf insertion transverse across 2 
ventral cortical cells, lateral basal cells of underleaf inflated, underleaf base not cordate. Oil-bodies not known. 
Asexual reproduction absent. Sporophyte not seen. Fig. 5. 

Specimen examined: New Zealand, Kermadec Islands Nature Reserve, Kermadec Islands northern group, 
Raoul Island, Moumoukai-Prospect track (c. half-way between Moumoukai and Prospect, 29° 16' 30" S 177° 
55' 17" W, 15 May 2011, P.J. de Lange K733 (AK325644, NSW851682). Scattered over Radula javanica with 
Cheilolejeunea ceylanica. 

Fig. 5. Lepidolejeunea integristipula A: ventral view of shoot. B: lobule showing lobule papilla (indicated 
by upper arrow) and sideways pointing, triangular first lobule tooth (indicated by lower arrow). 

C: marginal leaf-lobe cells. D: basal leaf-lobe cells. All from AK325644. 
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Recognition: Among species of Lejeuneaceae currently known from New Zealand, Lepidolejeunea integristipula 

is recognisable by the isolobous shoot systems having large, reniform, entire underleaves; the lobules with a 
prominent sideways pointing first lobule tooth; and the leaf-lobe cell walls lacking secondary pigmentation. 

Entire underleaves are more commonly associated with species belonging to subfamily Ptychanthoideae, 
such as Archilejeunea, Lopholejeunea and Thysananthus in New Zealand. Lepidolejeunea integristipula can be 
separated from all New Zealand species of subfam. Ptychanthoideae by its lack of secondary pigmentation 
in the leaf-cell walls and by the crenulate-serrulate leaf-lobe margins where each minute tooth is formed by 
angular projecting cell lumen. The New Zealand plants of L. integristipula do not have obvious ocelli and, 
therefore, bear resemblence to Lejeunea mimula, a species distributed from Malaysia to Fiji. However, several 
micro-morphological characters separate these two species. In Lejeunea mimula: 1) the first lobule tooth is 
forward-pointing, and situated half-way between the lobe-lobule and the lobule-stem junction; 2) the leaf- 
lobe margin of L. mimula is entire; 3) the cell walls have discrete medial thickenings; and 4) the leaf-lobe cell 
surface bears punctate to finely granular ornamentation. In contrast in Lepidolejeunea integristipula: 1) the 
first lobule tooth is sideways pointing and is situated over the lobe-lobule junction; 2) the leaf-lobe margin is 
crenulate-serrulate; 3) the cell walls lack medial thickenings; 4) the leaf-lobe cell surface is smooth. 

Distribution: Lepidolejeunea integristipula is distributed throughout the Asian-Oceanic regions from Borneo 
to Fiji and south to the Wet Tropics Bioregion of north-eastern Queensland (Australia) (Poes et al. 2011; Poes 
and Streimann 2006). The Kermadec Islands record represents a new global southern limit for this species. 

Habitat: Throughout its wide geographic distribution Lepidolejeunea integristipula is typically a lowland plant, 
inhabiting a range of microsites within lowland mesophyll rainforest, including the surfaces of rotting logs, 
trunks of rainforest trees, and leaves of large-leaved trees and shrubs. It may form pure mats. When growing 
on branches, twigs and leaves, the species may become semi-pendulous and form near-pure wefts. On Raoul 
Island L. integristipula grows as scattered stems among a mat of larger bryophyte species dominated by Radula 
javanica and including Cheilolejeunea ceylanica and Lejeunea gracilipes. 

Conservation status: Lepidolejeunea integristipula is known from the New Zealand Botanical Region by one 
gathering made on Raoul Island. We assign this species a conservation status Data Deficient, with qualifiers 
OF and SO. 

Notoscyphus lutescens (Fehm. & Findenb.) Mitt. Flora Vitiensis 407 (1871 [1973]). 

Acolea lutescens (Fehm. & Findenb.) Trevis. Memorie del Reale Istituto Lombardode Scienze e Lettere. Serie 3, 
Classe di Scienze Matematiche e Naturali 4: 395 (1877). 

Cesius lutescens (Fehm. & Findenb.) Kuntze. Revisio Generum Plantarum 2: 834 (1891). 

Gymnanthe lutescens (Fehm. & Findenb.) Mitt. Journal of the Linnean Society, Botany 5: 100 (1861). 

Gymnomitrion lutescens (Fehm. & Findenb.) Gottsche Synopsis Hepaticarum 1: 4 (1844). 

Nardia lutescens (Fehm. & Findenb.) Steph. Bulletin de VHerbier Boissier, series 1, 5: 81 (1897). 

Jungermannia lutescens Fehm. & Findenb. Novarum et Minus Cognitarum Stirpium Pugillus 4: 16 (1832). 

Type: INDIA. Habitat in India orientali (BM, G, S, W). 

Note: heterotypic synonyms not listed here. 

Terricolous, forming a light green loose weft with individual shoots to 14 x 1.2-1.4 mm, anisophyllous. 
Branching infrequent, ventral-intercalary, stems slender, terete, 94-120 pm diameter, 7 cells high in transverse 

section; cortical cells thick walled in surface view variable in size and shape 37-59 x 19-26 pm; rhizoids 9-15 pm 
diam produced in groups at or near underleaf bases, occasionally scattered on stem, heaves unlobed or slightly 
bilobed, alternate, succubous, nearly horizontal, flat when damp, dorsally assurgent when dry, contiguous, 
shortly oblong, 430-700 x 270-500 pm, margin entire; not inserted to stem midline dorsally leaving one 
row of cortical cells leaf-free, dorsal bases slightly decurrent; leaf cells are variable in size the median cells 
(31—)51—55 x 24—26(—31) pm, basal cells to 40-47 pm wide, trigones triangular, bulging slightly Y-shaped 9 x 
7.5 pm, no intermediate thickening; cell surface with c. 20 low striae over entire surface. Underleaves small, bifid, 
with lobes lying parallel to stem, unequal one being shorter by 1 or 2 cells, 250-374 x 94-187 pm, with longest 

lobes 150-210 pm long, with 4-7 uniseriate cells based on 1 biseriate row; 1 or 2(or 3) single-celled (rarely 
2-celled) lateral spurs variably developed on the disc, or lateral spur rarely absent; cell walls are thick (c. 4.4 pm) 
and swollen at corners, cells rectangular, length: width ratio 1.3-1.4:1, tip cell being narrower (length to width 

ratio c. 1.5:1). Oil bodies 2-4(-5) per cell ovoid to spherical, homogeneous, pale yellow-brown, variable in size, 
9-13 pm diam. Sporophyte not seen. Fig. 6. 
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Specimen examined: New Zealand, Kermadec Islands Nature Reserve, Kermadec Islands northern group, Raoul Island, 

Prospect - Mahoe Hut Track (near Prospect Peak, eastern flank), 15 May 2011, PJ. de Lange K730 (AK325635, CHR, F). 

Recognition: The underleaves are either as wide as the stem or narrower than stem, with long setaceous lobes 

orientated parallel to stem, with 1 small tooth between base of lobe and insertion on each disc margin. The 
leaf-lobe is ornamented by up to c. 20, long, low striae that are orientated perpendicular to stem, on dorsal 
leaf-lobe surface only. Neither the underleaves nor the striate leaf surface ornamentation occur in combination 

in other phenetically similar genera, including Chilocyphus and Saccogynidium. 

Remarks: Since the description of oil-bodies was taken from dried material, some degeneration may have occurred. 

Distribution: Notoscyphus lutescens has been reported from South Africa, Madagascar, India, China, Japan, 
Philippines, Indonesia, Papua New Guinea, north-eastern Australia (Queensland), as well as New Caledonia, 
Hawai’i, Fiji and Samoa (Schuster 2002). Its presence on the Kermadec Islands is considered as being within 
the distribution given by Schuster (2002). 

Habitat: Notoscyphus was collected from the south-eastern flank of Prospect Peak, growing in deep shade at 
the back of‘tree cave’ made by a Metrosideros kermadecensis. There it grew by itself on damp peaty soil and grit 
festooned amongst Metrosideros and Cyathea milnei Hook, roots. 

Conservation status: Notoscyphus lutescens is known from the New Zealand Botanical Region by a single 
gathering made on Raoul Island. We assign this species a conservation status of Data Deficient, with qualifiers 
OL and SO. 

Fig. 6. Notoscyphus lutescens A: ventral view of shoot. B: underleaf. C: dorsal stem surface. D: leaf cell surface. 
All from AK325635. 
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Abstract 

Twenty species of mosses from northern Thailand are reported as new to the moss flora of the country. One of these, 

Fissidens elizbrowniae B.C.Tan & K.Wongkuna-Thananoppakun is described as a new species. Among the new records, 

a number of species exhibit a continuous range or disjunctive distribution between India and Thailand (Indochina), 

highlighting the little known floristic connection between the moss floras of Thailand (Indochina) and the Indian 

subcontinent. Other new moss records represent probable members of either the East Asiatic or Sino-Himalayan floras. 

Introduction 

The moss flora of Thailand has received much attention making its bryoflora the best known of the Indochina 
region. Recent studies of the moss flora in northern Thailand continue to yield new records and new taxa 
(Akiyama 2006; Pollawatn et al. 2008; Wongkuna et al. 2009; Nathi et al. 2010; Akiyama et al. 2010, 2011 and 
references listed therein; Printarakul et al. 2012, 2013). In a recent study, we discovered another 19 species of 
mosses, collected mostly from Doi Suthep-Pui National Park in Chiang Mai Province, and representing new 
records for the country. In addition, one undescribed species of Fissidens was found. We are pleased to name 
the new taxon after the late Dr. Elizabeth Brown, a well known Australasian hepaticologist. 

The novelties in the Thai moss flora are reported below, with short notes on their diagnostic morphological 
features, habitat preferences, collection site, field ecological information and distribution. Full illustrations 
of 15 moss species that are either uncommon, rare and/or phytogeographically important are provided 
for identification purposes and because the mosses of Thailand are frequently not well illustrated in many 
publications. 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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New records and new species 

1. Anomobryum gemmigerum Broth. (Bryaceae). Fig. 1. 

In Thailand, this species is best recognized, among its congeners, by having numerous, reddish-brown gemmae 
clustered in the appressed leaf axils of the julaceous plant. 

Distribution: Nepal, China, Japan, Philippines (see Zhang et al. 2007). New to Thailand. 

Specimens examined: Thailand: Chiang Mai Province: Doi Suthep-Pui National Park, Pu Ping Palace, on roadside bank 

and granite rock in open area in disturbed places of evergreen forest, c. 1,400 m elevation, Printarakul 5040 (CMU, L), 

5365, 5622 (CMU). 

Fig. 1. Anomobryum gemmigerum Broth. (Bryaceae). a, leaves; b, apical leaf cells; c, marginal and median leaf cells; d, basal 

leaf cells; e, habit; f, gemma. All figures drawn from Printarakul 5040 (CMU). 
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2. Anomobryum julaceum (Schrad. ex P.Gaertn., B.Mey. & Scherb.) Schimp. (Bryaceae). 

This species is recognized by the worm-like habit with imbricate leaves having vermiculate to linear, thick- 
walled, apical cells and a single costa ending below the leaf apex. 

Distribution: Sub cosmopolitan and common in high mountains in the tropics (Eddy 1996; Zhang et al. 2007). 

Specimens examined: Thailand: Chiang Mai Province: Doi Suthep-Pui National Park, San Gu, on roadside soil bank in 

open area in disturbed sites of evergreen forest, c. 1,650 m elevation, Printarakul 1385 (CMU, L); Doi Mon Long, on soil 

in open area in evergreen forest, c. 1,430 m elevation, Printarakul 5593, 5630 (CMU); Doi Chiang Dao National Park: on 

rock in open grassland, 1,767 m elevation, Printarakul 5145 (CMU, L). 

3. Archidium birmannicum Mitt, ex Dixon (Archidiaceae). Fig. 2. 

This species of Archidium is rarely collected due to its small size and ephemeral existence. When encountered, 
it is easily recognized by its globose, immersed capsules containing 8-16 large spores. The narrowly acuminate 
leaves with elongate rhomboid to hexagonal leaf cells help distinguish this species. 

Distribution: India, Burma, Malaysia, New Guinea (see Gangulee 1971; Eddy 1988). New to Thailand. 

Specimens examined: Thailand: Chiang Mai Province: Doi Suthep-Pui National Park, Huay Chang Kian stream and Huay 

Gayo (Kaew) waterfall, on soil near stream in open areas in deciduous dipterocarp-oak forest, c. 375-400 m elevation, 

Printarakul 312 (CMU, L), 5514 (CMU, L). 

4. Entodontopsis nitens (Mitt.) W. R.Buck & Ireland (Stereophyllaceae). Fig. 3. 

Among its congeners in Thailand, this is the only species characterized by having leaves with the apex bluntly 
obtuse. 

Distribution: India, China and Vietnam (see Li 2008). New to Thailand. 

Specimen examined: Thailand: Chiang Mai Province: Doi Chiang Dao National Park, on rotten logs in moist sites of 

primary evergreen hardwood forest, 1,538 m elevation, Printarakid 5137 (CMU, L). 

5. Epipterygium tozeri (Grev.) Lindb. (Mniaceae). 

This moss is characterized by having dimorphic leaves in 2 or 3 rows that are distantly arranged: small, oblong 
and acute dorsal leaves, coupled with large, ovate to elliptic lateral leaves. The single leaf costa ends below the 
leaf apex, and leaf cells are lax, rhomboid to hexagonal and thin-walled. 

Distribution: North America, Europe, Africa, Iran, India, China, Korea, Japan, Philippines, Malaysia, Indonesia 
(see Noguchi 1988; Eddy 1996; Zhang et al. 2007). New to Thailand. 

Specimens examined: Thailand: Chiang Mai Province: Doi Suthep-Pui National Park, Ru See (Hermit) Cave and Doi Pui, 

on soil and base of tree trunk in moist sites of primary evergreen, hardwood forest, c. 1,120-1,680 m elevation, Printarakul 

2162 (CMU, L), 2491 (CMU, L, SING). 

6. Eurhynchium laxirete Broth. (Brachytheciaceae). Fig. 4. 

This species is recognized by its loosely complanate-prostrate branches with rather similar stem and branch 
leaves. The leaf costa is single, ending in a spine, and leaf margins are serrate nearly throughout. 

Distribution: China, Korea, Japan (see Wang & Hu 2008). New to Thailand. 

Specimen examined: Thailand: Chiang Mai Province: Doi Suthep-Pui National Park: Pu Ping Palace, on moist soil in 

disturbed places in primary evergreen hardwood forest, c. 1,400 m elevation, Printarakul 1242 (CMU, L). 

7. Fissidens closteri Austin subsp. kiushiuensis (Sakurai) Z.Iwats. (Fissidentaceae). Fig. 5. 

This species is a minute plant with 1-4 leaf pairs, coupled with a scabrid calyptra and an erect, ovoid capsule. 

Distribution: China and Japan (see Li & Iwatsuki 2001). New to Thailand. 

Specimens examined: Thailand: Chiang Mai Province: Doi Suthep-Pui National Park, Sirindhorn Observatory Area, on 

soil and rocks in moist areas in mixed deciduous forests, 810-850 m elevation, Printarakul 3314, 3341 (CMU, L). 

8. Fissidens curvato-involutus Dixon (Fissidentaceae). Fig. 6. 

This species resembles F. crispulus Brid. in having mammillose cells and being elimbate. It differs by having a 
long seta and an asymmetric, horizontal capsule. 

Distribution: Pakistan, India, Nepal, Indonesia, New Guinea (see Suzuki & Iwatsuki 2011a). New to Thailand. 

Specimen examined: Thailand: Chiang Mai Province: Doi Chiang Dao National Park, on moist rocks in evergreen forest, 

2,033 m elevation, Printarakid 5173 (CMU, L). 
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Fig. l.Archidium birmannicum Mitt, ex Dixon (Archidiaceae). a, plant with sporophytes; b, leaves; c, perichaetial leaves; d, apical 

leaf cells; e, basal leaf cells; f, sporophyte and perichaetial leaves; g, spores. All figures drawn from Printarakul 312 (CMU). 
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Fig. 3.Entodontopsis nitens (Mitt.) W.R.Buck & R.R.Ireland (Stereophyllaceae). a, plant with sporophyte; b, leaves; c, apical 

leaf cells; d, basal leaf cells; e, median leaf cells; f, portion of peristome and spores. All figures drawn from Printarakul 

5137 (CMU). 



Fig. 4. Eurhynchium laxirete Broth. (Brachytheciaceae). a, habit; b, branch; c, leaves; d, apical leaf cells; e, basal leaf cells; 

f, marginal and median leaf cells. All figures drawn from Printarakul 1242 (CMU). 
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Fig. 5. Fissidens closteri Austin subsp. kiushiuensis (Sakurai) Z.Iwats. (Fissidentaceae). a, plant with sporophyte; b, leaves; 

c, calyptra; d, leaf areolation. All figures drawn from Printarakul 3314 (CMU). 



202 Telopea 17: 195-215, 2014 Printarakul et al. 

Fig. 6. Fissidens curvato-involutus Dixon (Fissidentaceae). a, habit; b, leaves; c, apical leaf cells; d, cells at base of dorsal 

lamina; e, vaginant lamina cells; f, cross section of stem; g, cross section of leaf; h, axillary hyaline nodule. All figures drawn 

from Printarakul 5173 (CMU). 

9. Fissidens elizbrowniae B.C.Tan & K.Wongkuna-Thananoppakun, sp. nov. (Fissidentaceae). Fig. 7. 

Holotype: Thailand: Phetchaburi Province: Kaeng Krachan National Park, on shaded soil in mixed evergreen 
and deciduous, hardwood forest, c. 960 m elevation, Wongkuna 1532 (CMU). 

Plants small. Stems to 5 mm tall, yellow-green, simple, not branched, central strand not differentiated, hyaline 
nodules well-developed. Leaves 18-24, densely arranged, lowest leaves small, middle to upper leaves much 
larger, narrowly lanceolate, 1.5-2 mm long, 0.2-0.25 mm wide, apex long and narrowly acuminate, leaf base 
not decurrent; leaf margin entire, with limbidia, consisting of 1 or 2 rows of elongate cells, differentiated all 
around the leaves, but weakly developed at leaf apex; leaf costa strongly excurrent; vaginant lamina about 3/5 
of leaf length; apical laminal cells similar to those on dorsal lamina, polygonal, 6-10 pm long, 5-8 pm wide, 
thin-walled, multipapillose with more than 8 small papillae per cell; vaginant laminal cells similar to those of 
the apical lamina. Sporophyte not seen. 

This species is closely allied to F. kinabaluense Z.Iwats. (see Iwatsuki 1969) in having similar foliation with 
linear-lanceolate leaves, but differs in having strongly excurrent costa and the presence of limbidium ah 
around the laminae. In F. kinabaluense, the costa is short-excurrent and the limbidium is present only on 
vaginant laminae of leaves. 

Additional specimen examined: Thailand: Phetchaburi Province: Kaeng Krachan National Park, on shaded soil in mixed 

evergreen and deciduous, hardwood forest, c. 960 m elevation, Wongkuna 1533 (paratype, CMU). 



Fig. 7. Fissidens elizbrowniae B.C.Tan & K.Wongkuna-Thananoppakun (Fissidentaceae). a, habit; b, axillary hyaline 

nodules; c, leaves; d, cross section of stem; e, cross section of leaf; f, dorsal laminal cells; g, apical leaf cells; h, cells at base 

of dorsal lamina; i, vaginant laminal cells; j, upper laminal cells. All figures drawn from holotype Wongkuna 1532 (CMU). 



204 Telopea 17: 195-215, 2014 Printarakul et at. 

Distribution: Endemic to Thailand. 

10. Fissidens hyalinus Hook. & Wilson (Fissidentaceae). Fig. 8. 

In Thailand this species is easily identified by the leaf having very lax areolation, ecostate, and with a limbidium 
of 1 or 2 rows of cells. 

Distribution: Subcosmopolitan (Gangulee 1971; Eddy 1988; Fi & Iwatsuki 2001). New to Thailand. 

Specimens examined: Thailand: Chiang Mai Province: Doi Suthep-Pui National Park, Sirindhorn Observatory and Ru 

See Cave area, locally not uncommon on shaded, moist soil in mixed evergreen and deciduous forests, Printarakul 2290, 

2375, 4212 (CMU, L); summit of Doi Inthanon National Park, between 897-2,565 m elevation, Wongkuna 448, 981, 982 

(CMU). 

11. Fissidens serratus Mull. Hal. (Fissidentaceae). Fig. 9. 

The plants in the Thai population differs from the typical plants of this species in having more narrowly 
acuminate leaf apices, more strongly and irregularly toothed margins of the vaginant laminae of perichaetial 
leaves, and the presence of often weakly and incompletely developed limbidia in upper and perichaetial leaves. 
Although F. serratus is reported to be a variable species (see Pursell 2007), the differences in leaf morphology 
outlined above may warrant a separate taxonomic recognition of the Thai population in a future revision of 
the morpho types of Fissidens serratus on a worldwide basis. 

Distribution: Pantropical, reaching Australia and New Zealand and South America (Li & Iwatsuki 2001; Pursell 2007). A 

new species record for Thailand. 

Specimen examined: Thailand: Chiang Mai Province: Doi Suthep Pui National Park, Ru See (Hermit) Cave and Pu 

Ping Palace, on soil in shaded primary, evergreen hardwood forest, c. 1,250-1,400 m elevation, Printarakul 3056 (CMU), 

Wongkuna 162 (CMU). 

12. Phyllodon bilobatus (Dixon) P.Camara (Hypnaceae). Fig. 10. 

This species is characterized by having rounded-bilobed, ovate-oblong leaves with the margin doubly spinose. 
Feaf cells are linear-rhomboid and leaf cell papillae are formed by an extention of the cell tip. 

Distribution: Southeast Asia (Gangulee 1980). New to Thailand. 

Specimens examined: Thailand: Chiang Mai Province: Doi Suthep-Pui National Park, Sai Yoi Waterfall, on wet rocks near 

a stream in mixed evergreen and deciduous forests, 925 m elevation, Printarakul 3595A, 3852 (CMU, L). 

13. Physcomitrium eurystomum Sendtn. (Funariaceae). 

This species has oblong-obovate leaves with margin bluntly denticulate in the upper part and distinctly 
bordered by 1 or 2 rows of elongate cells. The costa is percurrent to shortly excurrent and the operculum has 
a conical-rounded apiculus. The seta is long, 4-10 mm, and yellowish orange. 

Distribution: Europe, Russia, Africa, India, China, Japan, Vietnam, (see Li et al. 2003). New to Thailand. 

Specimens examined: Thailand: Chiang Mai Province: Doi Suthep-Pui National Park, Doi Pui, on soil in disturbed places 

of primary evergreen hardwood forest, c. 1,550 m elevation, Printarakul 2192, 2531 (CMU, L). 

14. Physcomitrium sphaericum (C.F.Ludw.) Furnr. (Funariaceae). Fig. 11. 

Compared to Physcomitrium eurystomum, this species is characterized by having leaves with the upper margin 
bluntly serrulate and indistinctly bordered by elongate cells. The costa is percurrent and the seta is short, 2-3 
mm long and reddish brown. 

Distribution: North America, Europe, Russia, China, Japan, (see Fi et ah, 2003). New to Thailand. 

Specimens examined: Thailand: Ching Mai Province: Doi Suthep-Pui National Park, Pu Ping Palace, on soil in disturbed 

places of evergreen hardwood forest, c. 1,400 m elevation, Printarakul 196 (CMU, L); Chiang Mai University Main Library 

Garden, on soil, c. 350 m elevation, Printarakul 2577 (CMU, L). 

15. Splachnobryum obtusum (Brid.) Mull. Hal. (Splachnobryaceae). Fig. 12. 

This species has the following diagnostic features: a small plant with lingulate to oblong-elliptic leaves and 
a leaf costa ending below the obtuse apex. The leaf cells at apex and margin are smaller than the inner cells, 
usually subquadrate or irregularly rhomboid. The leaf margin is flat (plane) or sometimes recurved. 

Distribution: Subcosmopolitan fide He & Gao (2003). New to Thailand. 

Specimens examined: Thailand: Chiang Mai Province: Chom Thong District, Chiang Mai Moss Garden, on soil in moist 

areas, c. 900 m elevation, Printarakul 1836 (CMU, L); Doi Suthep-Pui National Park, Mae Sa Waterfall, Tad Yoi Waterfall, 
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Fig. 8. Fissidens hyalinus Hook. & Wilson (Fissidentaceae). a, plants with a sporophyte; b, leaves; c, apical leaf cells; d, 

vaginant laminal cells; e, cells at base of dorsal lamina; f, apical laminal cells; g, dorsal laminal cells. All figures drawn from 

Wongkuna 981 (CMU). 
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Fig. 9 . Fissidens serratus Mull. Hal. (Fissidentaceae). a, plan with sporophyte; b, plant; c, axillary hyaline nodules; d, leaves; 

e, cross sections of leaves; f, apical leaf cells; g, archaegonia; h, margin of perichaetial leaf showing the poorly differentiated 

limbidium; i, dorsal laminal cells; j, apical laminal cells; k, vaginant laminal cells; 1, perichaetial leaves. All figures drawn 

from Wongkuna 162 (CMU). 
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Fig. 10. Phyllodon bilobatus (Dixon) P.Camara, (Hypnaceae). a, habit; b, branch; c, leaves; d, apical leaf cells; e, basal leaf 

cells; f, marginal leaf cells. All figures drawn from Printarakul 5395A (CMU). 
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Fig. 11. Physcomitrium sphaericum (C.F.Ludw.) Fiirnr. (Funariaceae). a, plant with sporophyte; b, leaves; c, apical leaf cells; 

d, marginal leaf cells; e, basal leaf cells; f, calyptra; g, capsule; h, spores. All figures drawn from Printarakul 2577 (CMU). 
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Fig.12. Splachnobryum obtusum (Brid.) Mull. Hal. (Splachnobryaceae). a, habit; b, leaves; c, apical leaf cells; d, marginal 

leaf cells; e, basal leaf cells. All figures drawn from Printarakul 1836 (CMU). 
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and Gayo (Kaew) Ta Chang Fall, on thin soil on rock near waterfalls, in deciduous dipterocarp-oak forest, c. 417-530 m 

elevation, Printarakul 5787, 5797, 6151, 6164, 6170, 6220 (CMU). 

16. Tortella walkeri (Broth.) R.H.Zander (Pottiaceae). Fig. 13. 

This species is characterized by having a small and rosette forming plant habit. The leaves are oblong- 
spathulate, obtuse, with apex mucronate, and the leaf cells are obscure and multi-papillose. Capsules erect, 
ovoid-cylindrical, with no peristome. 

Distribution: India (Gangulee 1972, as Hyophila walkeri Broth.). New to Thailand. 

Specimen examined: Thailand: Chiang Mai Province: Doi Chiang Dao National Park, on tree trunk in primary, 
evergreen hardwood forest, 1,593 m elevation, Printarakul 5141A (CMU, L). 

17. Trachyphyllum jeyporense Ther. & Dixon in P.Varde (Entodontaceae). Fig. 14. 

This species is characterized by having narrowly acuminate leaves with double unequal costae ending at the 
middle of the leaf. The leaf cells are prorulose at the upper ends and leaf alar region is well differentiated with 
several quadrate cells. 

Distribution: India (Gangulee 1980). New to Thailand. 

Specimens examined: Thailand: Chiang Mai Province: Doi Suthep-Pui National Park, Monthathan waterfalls, on rocks in 

moist sites in mixed evergreen and deciduous forests, 820 m elevation, Printarakul 1259 (CMU, L, SING), 3828 (CMU, L). 

18. Venturiella sinensis (Venturi) Mull. Hal. (Erpodiaceae). 

This species is recognized by having oblong-ovoid and immersed capsules that are surrounded with large 
perichaetial leaves. The leaves are ovate to oblong-ovate often with long hyaline acumen. The leaf cells are 
rounded, rhomboid to hexagonal or subquadrate at margins. The annulus of capsule is persistent, 3-5 cells 
high, and the single peristome is reddish brown (when fresh) and papillose. 

Distribution: North America, China, Korea, Japan (see Noguchi 1988; Wang 2011). New to Thailand. 
Venturiella sinensis is a widespread species in eastern Asia and eastern North America. Therefore, its presence 
in Thailand is not surprising. This monotypic genus is also a new record for Indochina. 

Specimens examined: Thailand: Chiang Mai Province: Doi Suthep-Pui National Park, Huay Chang Kian Stream, on 

branches of tree trunks and shrub near a semi-shaded stream in deciduous dipterocarp-oak forest, 474 m elevation, 

Printarakul 4834 (CMU, L); Doi Khum, on tree trunk in deciduous, dipterocarp-oak forest, 413 m elevation, Printarakul 

6019 (CMU). 

19. Zygodon viridissimus (Dick.) Brid. (Orthotrichaceae). 

This species has small leaves with apex acuminate. The leaf cells are obscure and multi-papillose. Fusiform 
gemmae are abundant. Capsules are pyriform, furrowed and peristome is absent. 

Distribution: Widespread in Northern Hemisphere (see Jia et al. 2011; Suzuki & Iwatsuki 2011b). New to 
Thailand. 

Specimen examined: Thailand: Chiang Mai Province: Doi Chiang Dao National Park, on tree trunk in primary, evergreen 

hardwood forest, 1,593 m elevation, Printarakul 5141B (CMU, L). 

Hondaella caperata and Entodon longifolius 

Hondaella caperata (Mitt.) B.C.Tan & Z.Iwats. (Fig. 15) is locally common in Doi Suthep-Pui and Doi Chiang 
Dao National Parks. This hypnaceous species has distinctive leaf alar region consisting of numerous leaf cells, 
an erect oblong capsule, and a yellowish, cross-striate exostome. The combined morphological features make 
the species look like Entodon longifolius (Mull. Hal.) A.Jaeger. The latter appears to be a species of confused 
taxonomic status in many publications. According to the latest revision of Entodon in eastern Asia (Zhu et 
al. 2010), the species was originally described from India based on sterile material. Although considered an 
endemic to India, Gangulee (1980) did not treat it in his flora. In publications on the moss flora of China, the 
leaf apex of this species was described differently, either as acute to shortly acuminate (Hu 1983; Zhu et al. 
2010) or long-acuminate (see Hu and Wang 2008). The illustration of E. longifolius showing long-accuminate 
leaf apices, an erect, oblong capsule and striolate persitome teeth in the newly published English version of 
Chinese moss flora (see Hu and Wang 2008, Plate 562) is misleading. The illustration is probably based on 
a misidentified specimen of Hondaella caperata because in the species description of E. longifolius (Hu and 
Wang 2008, p. 183), the sporophyte is reported as “not seen”. 

Hondaella capearata was first reported from Thailand by Horikawa and Ando (1964). 
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Fig. 13. Tortella walkeri (Broth.) R.H. Zander (Pottiaceae). a, plant with sporophyte; b, leaves; c, apical leaf cells; d, marginal 

leaf cells; e, transitional cells; f, basal leaf cells; g, exothecial cells of capsule; h, capsule; i, spores; j, operculum. All figures 

drawn from Printarakul 5141A (CMU). 
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Fig. 14. Trachyphyllum jeyporense Ther. & Dixon (Entodontaceae). a, habit; b, leaves; c, apical leaf cells; d, median leaf cells; 

e, basal leaf cells. All figures drawn from Printarakul 1259 (CMU). 
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Fig. 15. Hondaella caperata (Mitt.) B.C.Tan & Z.Iwats. a, b, plants with sporophytes; c, leaves; d, apical leaf cells; e, median 

leaf cells; f, basal leaf cells; g, portion of peristome and spores; h, operculum. All figures drawn from Printarakul 3035 

(CMU). 
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Phytogeographical consideration 

The present report of 19 new Thai moss species has significant implication in the phytogeographical 
consideration of the moss flora of Thailand. The distribution patterns exhibited by the moss taxa newly found 
in Thailand, discounting the widespread Asiatic to nearly subcosmopolian species, have highlighted the little 
known phytogeographical connection between the moss floras of Thailand and the Indian subcontinent. 
Entodontopsis nitens, Tortella walkeri and Trachyphyllum jeyporense are three examples of continuous range 
or disjunctive distribution between the two geographical areas. These species can be predicted to be present 
also in other Indochinese countries and in southwestern China. They represent members of Indo-Himalayan- 
Burmese/Thailand moss flora. 

Phytogeographically, it is interesting that some of these new moss records for Thailand were known previously 
from China, Korea and Japan, for example, Fissidens closteri subsp. kiushiuensis and Eurhynchium laxirete. 
Their discovery in Thailand suggests their probable presence in other Indochinese countries. However, these 
species may be proven to be members of either the broad East Asiatic or Sino-Himalayan floras. 
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Abstract 

A new species of perennial, trifoliolate Hydrocotyle (H. rivularis H.Eichler ex Henwood) from south eastern Australia is 

described and compared to other trifoliolate species from Australia and New Zealand. A distribution map and illustrations 

of the new species are provided. 

Introduction 

Hydrocotyle (Araliaceae) is a cosmopolitan genus comprising an estimated 130 species (Pimenov and Leonov 
1993). The global distribution of the genus is currently characterized by two regions of relatively high species 
diversity: S outh America (c. 60 species; Mathias 1936; Mathias and Constance 1952;Reiche 1902), and Australia 
(c. 55 species; Duretto 1999). Hydrocotyle occurs in all States and Territories of Australia where it occupies 
a range of habitats, displays a variety of life histories, and is morphologically very variable. The taxonomy 
of Australian Hydrocotyle is relatively poorly understood, but has received some attention in recent years 
(Bean and Henwood, 2003). However, there remain a number of species complexes and related taxonomic 
issues to be resolved. Part of the ongoing difficulty for Hydrocotyle systematics in general is the traditional 
reliance on leaf morphology for taxonomic decision-making (Constance and Dillon 1990). This, combined with 
an often restricted knowledge of morphological variation within a taxon, has sometimes led to the regionally 
inconsistent application of names to geographically widespread taxa or the inappropriate recognition of 
segregates (Humbert 1957). 

An assemblage of perennial Hydrocotyle species with compound leaves can be recognized from South 
America (H. apolobambensis M.Mend. & A.Fuentes - Bolivia, H. minutifolia Rose - Colombia, H. nixoides 
Mathias & Constance and H. palmata Mathias - Peru and Ecuador), New Zealand (H. sulcata C.J.Webb 
& PN.Johnson and H. hydrophila Petrie) and Australia (H. geraniifolia F.Muell., H. muscosa A.Rich., 
H. paludosa A.R. Bean, H. digitata A.R. Bean & Henwood and H. tripartita R.Br. & A.Rich.). There are 

no species with compound leaves shared between South America, New Zealand and Australia. However, a 
localised population of H. tripartita in New Zealand is considered to be recently introduced to that country 
Ifom Australia (Webb and Johnson 1982). 

'This paper is dedicated to my former colleague Elizabeth Anne Brown (1956-2013) in recognition of her dedication to 

her research and to postgraduate student supervision. 
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Of the Australian species with compound leaves, H geraniifolia is the most morphologically distinctive 
having ornamented, winged mericarps similar to those of some endemic annual species. The three to five 
finely toothed, lanceolate leaflets of H. geraniifolia also easily distinguish it from other Australian species 
with compound leaves. Hydrocotyle muscosa bears a strong morphological similarity to H. tripartitia, but is 
separable from the latter by its often 5-foliolate leaves and characters of its schizocarps. Hydrocotyle tripartita 
and H. muscosa are each separable from H. hydrophila and H. sulcata by the former s sparsely dentate leaflets 
with abaxial trichomes, a skirt of trichomes at the apex of the petiole and schizocarps with more prominent 
ribs (Webb and Johnson 1981). In these characters, the New Zealand species are more similar to H. paludosa, 
a species that is endemic to Australia. 

Hydrocotyle tripartita occurs naturally from north Queensland to Tasmania. As with some other geographically 
widespread perennial Australian Hydrocotyle, H. tripartita has been considered to comprise a number of 
different morphotypes (Jacobs and Pickard 1981, Burbidge and Gray 1970). Bean and Henwood (2006) refined 
the concept of H. tripartita by segregating two distinctive species: H. paludosa and H. digitata. As part of 
ongoing research into the systematics and evolution of Hydrocotyle, another ecologically and morphologically 
distinct species, H. rivularis H.Eichler ex Henwood, is here described. 

Taxonomy 

Hydrocotyle rivularis H.Eichler ex Henwood sp. nov. 

Diagnosis: Hydrocotyle rivularis H.Eichler ex Henwood differs from H. tripartita, H. paludosa A.R.Bean and 
H. digitata A.R.Bean & Henwood in having orbiculate median leaflets, round to obtuse median lobules, and 
glabrous abaxial leaflet surfaces and petioles. Hydrocotyle rivularis differs further from H. paludosa by its 
smooth mericarp surface (not irregularly papillate as in H. paludosa). 

Type: New South Wales: Southern Tablelands: Gudgenby Nature Reserve, Grassy Creek crossing, H. Eichler 
22881,21 Dec 1981 (holo CANB452632.1; iso: CHR, CONC, L, LAE, MEL713559A, MO, NSW277956). 

Informal names: Hydrocotyle aff. tripratita sensu N.T. Burbidge & M. Gray, Flora of the Australian Capital 
Territory 282 (1970). 

Hydrocotyle sp. Happy Jacks Plain sensu J. Thompson & M. Gray, Telopea 2: 330 (1981). 

Hydrocotyle sp. A (aff. tripartita) sensu S.W.L. Jacobs & J. Pickard, Plants of New South Wales 66 (1981). 

Illustrations: Hydrocotyle rivularis, EBOT Plant Sciences Collection, The University of Sydney 
http://ebot.lib rary. usyd.edu.au/view? docId=ebot/records/1215.xml 

Plants perennial. Stems prostrate, robust, glabrous, rooting at nodes, roots abundant and fibrous. Stipules 
I. 6-1.7 mm long, 2-2.2 mm wide, broadly elliptic, entire, white (translucent). Petioles (10-)50-160 mm 
long, glabrous. Leaves compound, 3-foliolate, lighter green below, glabrous on both surfaces. Median leaflet 
orbiculate, (3—)6—11 mm long, (3—)7—13 mm wide, apex comprising 3 lobules, the 2 lateral lobules shorter 
than the median lobule; median lobule apex obtuse or round, with three teeth of equal length; median 

leaflet base acuminate. Lateral leaflets 10-11 mm long, 13-15.5 mm wide, incised into two symmetrical or 
asymmetrical lobes, sinuses c. 30% of lateral leaflet length. Inflorescence a simple umbel, 7-9-flowered; flowers 
all hermaphrodite, or with a few apparently male flowers. Peduncles much shorter than subtending petioles, 
(5-)30-50 mm long, glabrous. Bracts 0.3-0.5 mm long, 0.2 mm wide, ovate, entire, green. Flowers pedicellate; 
flowering pedicels 1-1.8 mm long. Corolla white (occasionally with margin of petals purple); petals 5, 
ovate, 0.65-0.75 mm long, 0.4-0.5 mm wide. Filaments white, 0.4 mm long; anthers purple, 0.25 mm long. 
Schizocarps ellipsoid, slightly laterally compressed; bases truncate; fruiting pedicels 0.8-2 mm long. Mericarps 
0.7-0.8 mm wide, 0.9-1 mm long, dorsal and lateral ribs acute, median ribs not raised; surface between lateral 
and dorsal ribs convex or flat, smooth, surface between median and lateral ribs convex, smooth. Fruiting styles 
0.5 mm long. Fig. 1. 

Representative specimens listed by botanical region: New South Wales (Jacobs and Pickard 1981). Northern Tablelands: 

3.4 km along Majors Point road, North East of Ebor, A.R. Bean 17355, 11 Feb 2001 (NSW); c. 20 miles N of Nowendoc 

on Walcha Road, N.C. Ford s.n., 8 Jan 1958 (NSW78248); Bullock Creek, c. 10.5 km south-southwest of Ebor. T.A. James 

1380 & S.F. McCune, 25 Nov 1992 (NSW); Alongside Little Murray Creek at edge of Barrington Trail, Barrington Tops 

National Park, /.JR. Hosking 3591 &R.W. Medd, 24 Feb 2012 (CANB, NE, NSW). Southern Tablelands: Source of Billy Billy 

Creek, near Corin Dam road (Kangaroo Creek), SW of Canberra, N.T Burbidge 75791, 9 Jan 1966 (CANB); Australian 

Alps, Kosciusko State Park, Happy Jacks Plains (north of Happy Jacks Road, west of Tolbar Road; ca 20 km west-south¬ 

west of Adaminaby), H. Eichler 18976, 31 Jan 1967 (CANB); Between Wee Jasper and Tumut, H. Eichler 22870, 17 Dec 

1981 (CANB); Gudgenby Nature Reserve, Nursery Swamp, H. Eichler 23174, 8 Jan 1983 (CANB, MEL, NSW); Kiandra, 
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Fig. 1. Illustration of Hydrocotyle rivularis: a-c, Adult leaf; d, flower buds; e, fruiting umbel; f, schizocarp; g, habit. 

Scale bar: a-c = 5 mm; d, e = 1 mm; f = 0.5 mm; g = 10 mm. a from Willlis & Rogers s.n. (CANB459386). b from Schodde 

1303; c, f from Eichler 24071; d, e, g from Eichler 18976. Illustration: M.J.Henwood 
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H. Eichler 24017, 16 Feb 1989 (CANB, NSW); Smokers Gap area, H.Eichler s.n., 7 May 1980 (CANB459390); Namadgi 

National Park, where track first crosses Nursery Ck. c. 2 km SW of Orroral Road, M.J. Henwood 809, 21 Apr 2007 (SYD); 

Eucumbene River, East of Kiandra, A.J. Perkins s.n., 25 Apr 2006 (NSW728305, SYD); Coolamon [=Cooleman] Flat, 

Roule’s [=Rules] Point, C.W.E. Moore 2930, 24 Mar 1954 (MEL); Micalong Swamp, Tumut - Brindabella Road, A.N. 

Rodd 5409, S.R.Corbett & D.I. Wilson, 12 Apr 1986 (NSW); Near Badja Mill, S of The Bald Mountain [c. NE of Cooma], 

A. Rodd s.n. 4 Oct 1964 (NSW78229); Cotter River District, head of Murrays Gap, Bimberi Range, R. Schodde 1303, 

15 Feb 1961 (NSW). Victoria (Conn 1993). East Gippsland: Snowy River area. Near Junction of Stony Creek, A.C. 

Beauglehole 35128, 3 Dec 1970 (MEL). Snowfields: Border of Grids V52-1/V53-1. Rocky Plain, A.C. Beauglehole 35836, 

6 Jan 1971 (MEL); Morass Creek Flora & Fauna Reserve, A.C. Beauglehole 68654,17 Jan 1981 (MEL); Bentleys [=Bentley] 

Plains, A.C. Beauglehole 36984, 23 Feb 1971 (MEL). Forlorn Hope Plain Creek, N of Reedy River and Nunniong Plateau, 

J.H. Willis &K.C. Rogers s.n. 23 Feb 1974 (CANB459386, MEL2114397). 

Etymology: The specific epithet refers to its preference for growing in (relatively high altitude) streams. 
The name was used by the late Fiansjorg Eichler on a number of specimens circulated to Australian herbaria. 

Distribution and habitat: Endemic to south eastern Australia above c. 600 m altitude. Found in flowing 
montane streams, on their margins, or associated with swampland that is regularly inundated. With Montia, 
various Cyperaceae, Eucalyptus dalrympleana, E. stellulata and E. pauciflora. Petioles and stolons are often 
submerged, with leaf laminas and umbels floating on the water surface, sometimes forming large masses of 
foliage. Fig. 2. 
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Fig. 2. Distribution of Hydrocotyle rivularis in eastern New South Wales, the Australian Capital Territory and eastern 

Victoria (Australia). 
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Flowering: December to February. 

Conservation status: Hydrocotyle rivularis is widely distributed but localised to suitable habitats. It occurs in 
a number of conservation reserves throughout its geographic range and so is here regarded as not vulnerable 
or endangered. 
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Abstract 

Fifteen mosses are reported as new for Taiwan with eight species representing the first record for all of China. Four species 

previously reported for Taiwan but not cited with a specimen in the Moss Flora of China are also provided. References to 

illustration of all the taxa reported are provided. 

Introduction 

Although Taiwan has a long history of bryological exploration since the Japanese period during the early 20th 
century, species new to Taiwan and even new to science are still being discovered among its high-quality forests 
(He 2008; He et al. 2009; Higuchi and Lin 2005). Much of mountainous Taiwan is steep in rugged terrain 
with limited trail and road access. Taiwan has 268 mountain peaks over 3000 m, and Yushan at 3952 m is the 
tallest point in southeast Asia. For its size at only 36,193 km2, Taiwan should clearly be one of the bryological 
‘hot spots’ in Asia. Moreover, the protection of forests through land-use policies and practices is among the 
most effective in all of Asia with many established forest reserves and national parks. It is likely to be one of 
the few land areas in Asia that is not loosing forest cover due to exploitation of its forest resources. Taiwan has 
protected its forests to reduce impacts of flooding and landslides caused by heavy rains during the monsoon 
season and from intense typhoons. 

Moss, liverwort and hornwort checklists have been produced for China (Redfearn et al. 1996; Piippo 2000; Jia 
and He 2013), and more specifically for Taiwan (Chiang and Kuo 1989; Chiang et al. 2001; Kuo and Chiang 
1987; 1988; Lin 1988). Over the years with ongoing collection and inventory, new distribution records were 

incorporated into the recently completed 8 volume set of the Moss Flora of China English version (MFC 1999-2011) 
and its Chinese companion, the projected 12 volume Flora Bryophytarum Sinicorum (FBS 1994-2011) that 
also contains liverworts and hornworts. Nonetheless, even with these recent floristic works, much inventory 
work remains in mainland China and Taiwan. In this work, we rely primarily on the species distribution 
range for China as reported in MFC and FBS as the most recent monographic treatments and assessments 
based on review of specimens in herbaria. However, many mosses that have been previously documented as 
occurring in Taiwan are omitted in the cited specimens section and distribution maps in MFC. In these cases, 
we have added new records below for taxa that we have examined to validate the distribution of these species 
for Taiwan. In a few cases, taxa reported for Taiwan in earlier literature proved to be based on misidentified 
specimens, and therefore, they were excluded in MFC and FBS. Subsequently, a Taiwan specimen has now been 
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confirmed and these taxa are re-instated and listed below. Since species and generic circumscriptions change as 
new information becomes available, all species checklists should be based on cited voucher specimens so that 
source information and documents can be re-evaluated in the future. 

In summary, many of the new records reported in this work are members of the Sematophyllaceae, a family well 
studied by the third author. This family has many species that colonize small twigs and branches in the forest 
canopy, and therefore, they are less frequently encountered. Most often these canopy dwellers are collected 
only when recently fallen branches become available on the forest floor. The Taiwan specimens obtained by 
the first author have recently been collected this way, and many of these new records reported here are based 
on these epiphytic specimens growing on branches and twigs. 

New moss records for Taiwan 

Acroporium downii (Dixon) Brotherus [Sematophyllaceae] 

Illustrations: Tan (1994, p. 266). 

Notes: This is a widespread Malesian species (see Tan 1994). Taiwan is most likely its northernmost range. Its 
presence in Taiwan is also viewed as a new record for China. 

Specimens examined: Taiwan: Taitung County: Along Jinshueiying National Trail near trail junction to Mt. Guzailun, 

1420 m, 14 Jun 2006, Shevock & Yang28825 (CAS, MO, TAIE). 

Acroporium joannis-winkleri Brotherus [Sematophyllaceae] 

Illustrations: Tan (1994, p. 266). 

Notes: The small plant size of less than 10 mm tall coupled with erect spreading and tubulous leaves identify 
this species. As a new Taiwan record, it is also a new record for China. 

Specimens examined: Taiwan: Pingtung County: Along Jinshueiying National Trail toward Mt. Guzailun, on hardwood 

trunk, 1450 m, 14 Jun 2006, Shevock & Yang28790 (CAS, MO, TAIE). 

Acroporium strepsiphyllum (Montagne) B.C.Tan in Touw [Sematophyllaceae] 

Illustrations: MFC 8, p. 12; FBS 8, p. 71; Tan (1994, p. 287). 

Notes: This is a widely scattered species in Malesia (Tan 1994) and subtropical region of mainland China 
(MFC 8, p. 11 & 12) and newly found in Taiwan is expected. 

Specimens examined: Taiwan: Nantou County: Sitou Forest Recreation Area, north slope of Alisan Range along road 

beyond University Pond on Cryptomeria japonica trunk in filtered light, 1225 m, 30 Sep 2008, Shevock & Yao 31988 (CAS, 

KUN, MO, TAIE). 

Calyptothecium phyllogonioides A.Noguchi & Li Xing-jiang [Pterobryaceae] 

Illustrations: MFC 5, p. 221; FBS 5, p. 252. 

Notes: Among its congeners in China, it is the only species that has a distinctive, distichously arranged foliation. 
It is known from liainan and subtropical part of Yunnan and is a new record for Taiwan. 

Specimens examined: Taiwan: Hsinchu County: Siakaluo National Trail at the 15.5 km trail marker, Baishih River 

watershed. On hardwood liana in filtered light, 1330 m, 3 Nov 2012, Shevock, Yao ,Chu & Tsai 41389 (CAS, MO, TAIE). 

Fissidens gedehensis Fleischer [Fissidentaceae] 

Illustrations: Suzuki and Iwatsuki (2011, p. 33). 

Notes: According to Suzuki and Iwatsuki (2011), F. gedehensis is known from Sri Lanka, Malaysia, Indonesia 
and New Guinea. It is new for Taiwan and also China. 

Specimens examined: Taiwan: Hsinchu County: Along Siakaluo National Trail between km markers 19.5 & 20, 1400 m, 

3 Nov 2012, Shevock, Yao, Chu & Tsai 41403 (CAS, TAIE), along a 5 km long trail from Smangus Resort to grove of large 

Chamaecyparis trees, 1575 m, 4 Nov 2012, Shevock, Yao & Chu 41421 (CAS, MO, TAIE). Determined by Ronald A. Pursell. 
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Gammiella panchienii B.C.Tan & Yu Jia ex B.C.Tan [Sematophyllaceae] 

Illustrations: MFC 8, p. 31; FBS 8, p. 15. 

Notes: Known formerly as a mainland Chinese endemic (MFC 8, p. 30 & 31), it was recently reported for the 
Philippines (Linis and Tan 2010). It is now found also in Taiwan. 

Specimens examined: Taiwan: Nantou County: Sun-Link-Sea Forest Recreation Area along trail to Blue Dragon Waterfall 

along Jia-Jou-Liao Stream, on Cryptomeria japonica branch, 1655 m, 1 Oct 2008, Shevock & Yang 32051 (CAS, MO, 

TAIE, UC). 

Hymenodon sericeus (Dozy & Molkenboer) C.Miiller Hal. [Orthodontaceae] 

Illustrations: Tessler (2012, p. 513). 

Notes: Genus and species new for China. The Taiwan occurrence is the northernmost extension of the genus 
Hymenodon. Here it is growing on trunks of Cyathea tree ferns associated with Spiridens reinwardtii, also the 
northernmost occurrence for this genus and species in China. 

Specimens examined: Taiwan: Taitung County: Along Jinshueiyang National Trail near junction of 

Mt. Guzailan, 1420 m, 14 Jun 2006, Shevock & Yang28818 (CAS, MO, TAIE). 

Meiothecium macrocarpum (W.J.Hooker) Mitten [Sematophyllaceae] 

Illustrations: Fleischer (1923, p. 1232). 

Notes: The history of the Chinese reports of Meiothecium was reviewed by Tan and Jia (1999) who considered 
the genus doubtfully present in China and Taiwan without a correctly identified specimen. Here we report a 
confirmed specimen of M. macrocarpum from Taiwan, and as a new record also for China. 

Specimens examined: Taiwan: Nantou County: Huisun Forest Recreation Area between Fording and Frog Rock trails off 

of highway 80, on hardwood trunk, 650 m, 27 Oct 2011, Shevock, Yang & Yao 39083 (CAS, KUN, MO, TAIE, UC). 

Papillidiopsis stissophylla (Hampe & C.Miiller Hal.) B.C.Tan & Yu Jia [Sematophyllaceae] 

Illustrations: Fleischer (1923, p. 1317, as Trichosteleum stisophyllum (Hampe) A. Jaeger) 

Notes: This is mainly a Malesian species. Although this species was reported for Taiwan by Redfearn et al. 
(1996) as Trichosteleum stissophyllum and listed by Chiang and Kuo (1989) as Rhaphidostichum stissophyllum, 
and repeated again in Chiang et al. (2001), this species reference was based on misidentified material (Tan and 
Jia 1999). This species is, however, not reported in MFC or FBS. With this confirmed specimen listed below we 
now re-instate this species as new for Taiwan and China. 

Specimens examined: Taiwan: Taipei City: Lalashan National Forest Reserve along Ba-Fu Cross Ridge National Trail 

near km marker 13 below junction with trail to Lalashan Peak, 1500 m, 12 Sep 2007, Shevock & Yang 30553 (CAS, MO, 

TAIE, UC). 

Sematophyllumphoeniceum (C.Miiller Hal.) Fleischer [Sematophyllaceae] 

Illustrations: Gangulee (1978, p. 1882). 

Notes: New for Taiwan. This formerly known Southeast Asian species (see Gangulee 1978) has now been 
shown to be widely distributed across insular Malesia to New Caledonia (Thouvenot & Bardat 2013). 

Specimens examined: Taiwan: Keelung City: Hai Hsing Trail, on Machilus trunk, 100 m, 4 Nov 2009, Shevock, Yang & 

Yao 33880 (CAS, MO, TAIE); Taichung City: Guguan Scenic Area at hot springs resort of Guguan adjacent to Dijia River. 

On hardwood trunk, 600 m, 9 Nov 2009, Shevock & Yao 33980 (CAS, MO, TAIE); Basianshan National Forest Recreation 

Area. Along trail to Basianshan about 1 km above the Jinghai Temple, on rotten hardwood log, 1360 m, 10 Nov 2009, 

Shevock & Yao 34015 (CAS, MO, TAIE). 

Taxithelium lindhergii (A.Jaeger) Renauld & Cardot [Pylaisiadelphaceae] 

Illustrations: Camara (2011, p. 14). 

Notes: The treatment in MFC and FBS differs markedly from the recent monograph by Camara (2011) where 
several Asian and Chinese taxa are relegated into synonymy of this species. 

Specimens examined: Taiwan: Taitung County: Along Jinshueiying National Trail between Mt. Guzilun and Mt. 

Kulibabao, 1100 m, 14 Jun 2006, Shevock & Yang28828 (CAS, MO, TAIE, UC). 
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Trichosteleum pseudomammosum Fleischer [Sematophyllaceae] 

Illustrations: Fleischer (1923, p. 1320). 

Notes: This species is often confused with Trichosteleum boschii (Dozy & Molkenboer) A. Jaeger (see Tan 
et al. 2007). Its earlier reports from China in Redfearn et al. (1996) had been corrected by Tan and Jia (1999) 
to other species. Here we report the first confirmed record of this species from Taiwan, which is also a new 
record for China. 

Specimens examined: Taiwan: Nantou County: Taiwan Forestry Research Institute, Lienhuachih Branch Station, along 

path to weir 5, tributary to Huopeikeng Stream, on base of hardwood trunk and soil, 750 m, 10 Nov 2012, Shevock & Yang 

41634 & 41635 (CAS, TAIE, UC). 

Trichosteleum stigmosum Mitten [Sematophyllaceae] 

Illustrations: MFC 8, p. 70; FBS 8, p. 78. 

Notes: New for Taiwan. 

Specimens examined: Taiwan: Nantou County: North slope of Alisan Range, Sun-Link-Sea Forest Recreation Area, trail 

to Blue Dragon Falls above Jia-Jou-Liao Stream, 1655 m, 1 Oct 2008, Shevock & Yang 32064 (CAS, MO, TAIE). 

Vesicularia hainanensis Chen Pan-chieh [Hypnaceae] 

Illustrations: MFC 8, p. 256; FBS 8, p. 246. 

Notes: Vesicularia hainanensis is close in leaf morphology to the widespread V. reticulata (Dozy & Molkenboer) 
Brotherus. The two species may prove to be synonymous in future study. It is here reported as a new record 
for Taiwan. 

Specimens examined: Taiwan: Keeling City, Nuannuan District: trail along East Fork Song Shi Steam, Nuandong Valley 

Recreation Area, 165 m, 4 Nov 2009, Shevock, Yang & Yao 33859 (CAS, MO, TAIE). 

Warburgiella breviseta (Brotherus) Brotherus [Sematophyllaceae] 

Illustrations: Bartram (1939, p. 340). 

Notes: This species was treated as a member of Trichosteleum by Bartram (1939) because of its unipapillose 
leaf cells. But the overall leaf morphology and sporophyte characters ally it closer to Warburgiella. It is a new 
record for Taiwan and also a new record for China. 

Specimens examined: Taiwan: Taipei City: Lalashan National Forest Reserve, along Ba-Fu Cross Ridge National Trail 

between km markers 12 & 13, on Chamaecyparis branch in filtered light, 1450 m, 12 Sep 2007, Shevock & Yang 30563 

(CAS, KUN, MO, TAIE). 

Species previously reported for Taiwan 
not cited in text or distribution map in Moss Flora of China (MFC) 

Chionostomum rostratum (Griffith) C.Miiller Hal. [Sematophyllaceae] 

Illustrations: Tan and Jia (1999, p. 35). 

Notes: This wide-ranging species also occurs in Southeast Asia including the Philippines, so the Taiwan record 
is within the species range. However, nearly all of the past reports of this species occurring in China (Redfearn 
et al. 1996) were based on misidentifications (see Tan and Jia 1999). 

Specimens examined: Taiwan: Miaoli County: Xuejian Recreation Area, Shei-Pa National Park near km road marker 

21.5 about 4.5 km below Visitor Center, on rotten log, 1725 m, 9 Oct 2013, Shevock, Higuchi & Akiyama 43816 (CAS, 

TAIE); Nantou County: Sun-Link-Sea Forest Recreation Area, along he 10 km contour trail to Lucynshan to Shueiyang 

Forest, 1940 m, 8 Nov 2012, Shevock, Yao & Chu 41526 (CAS, TAIE). 

Fissidens jungermannioides Grifith [Fissidentaceae] 

Illustrations: MFC 2, p. 43. 

Notes: Reported for Taiwan (Redfearn et al. 1996) but apparently based on a mis-identified specimen since it 
is not listed in volume 3 of MFC. 
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Specimens examined: Taiwan: Nantou County: along path to Weir 2, Taiwan Forestry Research Institute, Lienhuachih 

Branch Station, 710 m, 10 Nov 2012, Shevock & Yang 41662 (CAS, MO, TAIE). Determined by Ronald A. Pursell. 

Gammiella ceylonensis (Brotherus) B.C.Tan & W.R.Buck [Sematophyllaceae] 

Illustrations: Tan and Buck (1989, p. 313). 

Notes: Reported for Taiwan by Redfearn et al. (1996) but not confirmed by Chiang et al. (2001). 

Specimens examined: Taiwan: Nantou County: Sun-Link-Sea Forest Recreation Area along ridge trail to Jinganshu 

Mountain, 2040 m, 7 Nov 2012, Shevock & Yao 41499 (CAS, KUN, MO, TAIE, UC) and along trail to Blue Dragon Waterfall 

above Jia-Jou-Liao Stream, 1655 m, 1 Oct 2008, Shevock & Yang 32065 (CAS, MO, TAIE). 

Oedicladium serricuspe (Brotherus) A.Noguchi & Z.Iwatsuki [Myuriaceae] 

Illustrations: MFC 5, p. 210; Noguchi (1994, p. 1073). 

Notes: This species was reported from Taiwan in Noguchi (1994), but the Taiwan record is not mentioned in 
MFC 5. Flere we report a confirmed specimen of the species from Taiwan. 

Specimens examined: Taiwan: Nantou County: Taiwan Forestry Research Institute, Lienhuachih Branch Station, along 

path to Weir 4, tributary of Huopeikeng Stream, 835 m, 10 Nov 2012, Shevock & Yang 41642 (CAS, KUN, MO, TAIE, UC). 

References 
Bartram EB (1939) Mosses of the Philippines. Philippine Journal of Science 68: 1-423. 
Camara PEAS (2011) A re-evaluation of the moss genus Taxithelium (Pylasiadelphiaceae) with a taxonomic 

revision of the subgenus Vernieri. Systematic Botany 36:7-21 http://dx.doi.org/10.1600/036364411X553081 
Chiang TY, Kuo CM (1989) Notes on bryophytes of Taiwan (1-36). Taiwania 37: 74-156. 
Chiang TY, Hsu TW, Moore SJ, Tan BC (2001) An updated checklist of Taiwan mosses. (The Biological Society 

of China, Nantou, Taiwan), 36 pp. 
Fleischer M (1915-1923) Die Musci der Flora von Buitenzorg (E J Brill, Leiden) 

FBS (1994-2011) Flora Bryophytarum Sinicorum [in Chinese]. (Chinese Academy of Sciences, Science Press, 
Beijing). 

Gangulee HC (1978) Mosses of Eastern India and Adjacent Regions, Fascicle 7. (Calcutta) 
Fie S (2008) Plagiothecium shevockii (Plagiotheciaceae), a new species from Taiwan. Novon 18: 344-346 

http://dx.doi.org/10.3417/2007166 
Fie, S, Shevock JR, Redfearn PL (2009) Dixonia orientalis and Trismegistia korthalsii new for mainland China, 

Taiwan and Hainan Islands. Tropical Bryology 30: 72-76. 
Higuchi M, Lin SH (2005) Takakia lepidozioides S. Hatt. & Inoue (Musci) new for Taiwan. Bryological Research. 

8: 349-353. 
Jia Y, He S (2013) Species catalogue of China, Volume 1, Plants-Bryophytes. Vii+525 pp. (Science Press, Beijing) 
Kuo CM, Chiang TY (1987) Index of Taiwan mosses. Taiwania 32: 119-207. 
Kuo CM, Chiang TY (1988) Index of Taiwan Hepaticae. Taiwania 33: 1-46. 
Lin S (1988) List of mosses of Taiwan. Yushania 5: 1-39. 
Linis VC, Tan BC (2010) Eleven new records of Philippine mosses. Acta Bryolichenologica Asiatica 3: 95-99. 
MFC (1999-2011) Moss Flora of China, English version. He S (ed.) (Science Press & Missouri Botanical 

Garden). 

Noguchi A (1994) Illustrated Moss Flora of Japan, Part 5. (Hattori Botanical Laboratory, Nichinan) 
Piippo, S (1990) Annotated catalogue of Chinese Hepaticae and Anthocerotae. Journal of the Hattori Botanical 

Laboratory 68: 1-192. 

Redfearn PL Jr., Tan BC, He S (1996) A newly updated and annotated checklist of Chinese mosses. Journal of 
the Hattori Botanical Laboratory: 79: 163-357. 

Suzuki T, Iwatsuki Z (2011) Fissidens (Fissidentaceae, Bryopsida) from Papua New Guinea located in the 
herbarium of Australian National Botanical Garden (CBG). Hattoria 2: 1-33. 

Tan BC (1994) The bryophytes of Sabah (North Borneo) with special reference to the BRYOTROP Transect of 
Mount Kinabalu. XIX. The genus Acroporium (Sematophyllaceae, Musci) in Borneo with notes on species 
of Java and the Philippines. Willdenowia 24: 255-294. 

Tan BC, Buck WR (1989) A synoptic review of Philippine Sematophyllaceae with emphasis on Clastobryoideae 
and Heterophylloideae. Journal of the Hattori Botanical Laboratory: 66: 307-320. 

Tan BC, Jia Y (1999) A preliminary revision of Chinese Sematophyllaceae. Journal of the Hattori Botanical 
Laboratory: 86: 1-70. 



228 Telopea 17: 223-228, 2014 Shevock, Yang and Tan 

Tan BC, Koponen T, Norris DH (2007) Bryophyte flora of the Huon Peninsula, Papua New Guinea. LXIX. 
Sematophyllaceae (Musci) 1. Acanthorrhynchium, Acroporium, Clastobryophilum, Pseudopiloecium, 
Radulina and Trichosteleum. Annales Botanici Fennici 44, Supplement a: 35-78. 

Tessler M (2012) A monograph of Hymenodon (Orthodontiaceae). The Bryologist 115: 493-517 http://dx.doi. 
org/10.1639/0007-2745-115.4.493 

Thouvenot L, Bardat J (2013) Contribution to the bryophyte flora of New Caledonia. 1. New taxa and 
amendments. Cryptogamie, Bryologie 34: 37-47 http://dx.doi.org/10.7872/cryb.v34.issl.2013.37 

Manscript received 25 June 2014, accepted 18 August 2014 



Volume 17: 229-232 

Publication date: 02 September 2014 

dx.doi.org/10.7751/telopea20147824 

Telopea 
Journal of Plant Systematics 

The Royal 

Botanic Gardens 
& Domain Trust 

plantnet.rbgsyd.nsw.gov.au/Telopea • escholarship.usyd.edu.au/journals/index.php/TEL • ISSN 0312-9764 (Print) • ISSN 2200-4025 (Online) 

Riccardia elisabethae, a new species of Aneuraceae 
(Marchantiophyta) from New Caledonia 

Louis Thouvenot1'3 and Catherine Reeb2 

111 rue Saint Leon, 66000 Perpignan, France 

2Museum national d’Histoire naturelle, Departement Systematique et Evolution, UMR7205, CP. 39, 57 rue Cuvier, 75231 

Paris Cedex 05, France 

3Author for correspondance: thouloup@orange.fr 

Abstract 

A new species of Riccardia, R. elisabethae, is described from ultramafic substrate in mountain scrubland of 
New Caledonia. The new species is a member of the subgen. Thornoneura and differs from other species of 
this group by the rigid, unwinged thallus made up of large epidermal cells surrounding smaller medullary cells 
with thick porose walls and huge trigones. 

Introduction 

Aneuraceae of New Caledonia have been investigated by Stephani (1908, 1917, 1923), Pearson (1922) and, 
especially, Hurlimann (1976). In addition, some species records were published by Paris (1910), Theriot (1910), 
Engel (1975) and Schuster (1985). As a result of these studies, 24 species of Aneuraceae are known from New 
Caledonia (Thouvenot et al. 2011), including 3 species of the genus Aneura Dumort. and 21 of Riccardia Gray, 
with one further species, R. bipinnatifida (Colenso) Hewson, being a doubtful record. More than half of these 
species (14) are only known from New Caledonia. 

During a field trip in New Caledonia in September 2008, one of the authors (LT) collected a species of 
Riccardia which exhibited unusual features and seemed to be undescribed. At the recommendation of Jerome 
Munzinger, then curator of the herbarium of the Institut de recherche pour le developpement (IRD) Centre 

de Noumea (NOU), part of the sample was sent to Elizabeth Brown, who confirmed that it was likely a new 
species. Unfortunately, she was not given the time to work on the topic. The species is described here in her 
honour. 

Description 

Riccardia elisabethae Thouvenot & Reeb sp. nov. 

Typus-NEW CALEDONIA: Province Sud (South): Dumbea, MontDzumac, UTM 58K0649771E-7561282N, 

1075 m, 18 Sept 2008, L. Thouvenot NC280, (holotype PC0703246; isotypes NSW, private herb. 
L. Thouvenot). 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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Illustrations: Figs 1,2 

Thalli whitish to light brown, narrow, subcylindrical, rigid, not appressed to the substrate and intermixed 
within other bryophytes and litter, up to 10 mm long; branching bifurcate or more rarely trifurcate to 
sparsely pinnate, branches rather similar to main axis, primary branches usually spreading at 45°-50°, 
rarely right-angled. Thallus surface smooth, thallus margins swollen due to bulging cortical cells. 
Main thallus axis well-defined, linear with parallel edges, sometimes very slightly enlarged before bifurcation; 
in cross section rounded to elliptical, 5 or 6 cells and 100-125 pm high, 150-200 pm wide, margin rounded, 
not winged; mucilage papillae present on the margins, regularly spaced. Chloroplasts present in epidermal and 
medullary cells, oil bodies not seen. Axis of primary branches 4 or 5 cells and 100-120 pm high, (100-) 185— 
250(-300) pm wide, otherwise similar to main axis, with regularly spaced mucilage papillae on the margins. 
Epidermal cells in surface view long hexagonal, 50-115 pm long, 25-50 pm wide, with walls 2.5-3.7 pm 
thick, in cross section 25-50 pm wide, 15-30 pm high, external cell-walls thin and internal cell-walls thick 

Fig.l . Riccardia elisabethae. A, thallus. B, thallus fragment. C, thallus with female branch. D, pinnate branches. 
E, ultimate branch with papillae (arrows). F, G, transverse sections of thallus. H, transverse section of stolon. 
I, marginal and cortical dorsal cells. J, female branch. Scale bars: A-C = 1 mm, D = 200 pm, E-H, J = 100 pm, 
I = 50 pm. 
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with trigones. Mycorrhizae absent. Medullary cells smaller than epidermal cells and becoming progressively 
smaller to the thallus centre, 15-45 pm in largest diameter, cell-walls thick and porose, in cross section with 
huge, bulging trigones. Stolons rare to frequent, rounded, born laterally or terminally, single or in bundles, to 

5 mm long, 4 or 5 cells high, cells rounded to quadrate, epidermal cells twice larger than internal cells, all cell 
walls thin, trigones lacking. Gemmae absent. Rhizoids not seen. 

Dioicous (?male branches not seen). Female branches short, present along the main axis, margin winged and 
with large, triangular, irregularly toothed scales. Calyptra and sporophyte not seen. 

Etymology: The specific epithet ‘elisabethae' is based on the well-established latinized form of ‘Elizabeth’, 
namely ‘Elisabeth’. This plant is named in honour of Dr. Elizabeth Anne Brown (1956-2013) who showed 
great interest in New Caledonian bryophytes but passed away too early, before being able to dedicate herself 
fully to the knowledge of that flora. 

Fig. 2. Riccardia elisabethae: A, B, habit. Scale bars: A = 1 mm, B = 0.5 mm. 
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Habitat: Only known from the type locality, on humus over ultramafic rock, in mountain scrubland with 
Cyperaceae, ferns, and a great abundance of Dracophyllum sp., growing mixed with Fissidens oblongifolius Hook.f. 
& Wilson var. oblongifolius, Chiloscyphus grandiflorus var. latifolius Herzog and Kurzia caduciloba R.M.Schust. 

Discussion 

Riccardia elisabethae is well-characterised by the following characters: 1) the rigid, subcylindrical thallus made 
up of large epidermal cells and smaller medullary cells, the medullary cells becoming progressively smaller 
to the centre of the thallus; 2) medullary cell walls are thick and porose, in cross-section with huge, bulging 
trigones; and 3) the margin of the thallus has regularly spaced mucilage papillae. The first two characters 
readily separate the new species from all other New Caledonian species of Riccardia, while regularly spaced 
mucilage papillae on the thallus margin is known from two other New Caledonian species, R. baumannii Hurl, 
and R. inconspicua (Steph.) Reeb & Bardat (R. tenuicostata Schiffn.; see Reeb and Bardat 2014). The latter 
feature is typical of Riccardia subgen. Thornoneura Furuki (Furuki 1991, 1994, 2013), a small subgenus of 
three species worldwide. Riccardia elisabethae is a distinct new member of the subgen. Thornoneura and clearly 
differs from all known species of this group by the small medullary cells with huge trigone-like thickenings. 
From the two other New Caledonian species of this subgenus, R. baumannii and R. inconspicua, the new 
species is furthermore readily separated by the rigid, subcylindrical thallus, the unwinged thallus branches and 
the unbranched mucilage papillae. In R. baumannii and R. inconspicua the thallus is flaccid and more flattened, 
the branches are winged and the mucilage papillae are mostly branched. 

Two Riccardia species from New Zealand, R. umida E.A.Br. and R. furtiva E.A.Br. & Braggins, are very similar 
to R. elisabethae in habit. However, they clearly differ by having medullary cells equal in size to epidermal cells 
and without large trigones. Moreover, the surface of the thallus in these two species is papillose, whereas it is 
smooth in R. elisabethae (Brown and Braggins 1989). 
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Abstract 

The genus Clastobryophilum (Bryophyta: Sematophyllaceae) is reported as new to the Australian flora on the basis of a 

recent collection of Clastobryophilum balansaeanum from northern Queensland. This species was previously known only 

from New Caledonia. 

Introduction 

We recently collected bryophytes from the catchment of Boulder Creek, on the north-eastern slope of Mount 
Tyson, near Tully in the Wet Tropics bioregion, northern Queensland. Among our collections was an unusual 
epiphytic moss mixed with the leafy liverwort Heteroscyphus aselliformis (Nees) Schiffn (Fig. l).The moss clearly 
belonged to family Sematophyllaceae s. lat. (costa absent, enlarged alar cells in a distinct basal row, laminal cells 
long and narrow) but we were unable to identify the genus using the current moss key for Australia (Buck and 
Vitt 2006). Fortunately the Sematophyllaceae have been partially treated in the series on the bryophyte flora of 
the Huon Peninsula in Papua New Guinea (Tan et al. 2007). Using this paper and the illustration in Fleischer 
(1923) we were able to identify the moss as belonging to genus Clastobryophilum M.Fleisch. 

Clastobryophilum was thoroughly revised by O’Shea (2000). He recognised two species: C. bogoricum (Bosch 
& Sande Lac.) M.Fleisch., a widespread species from Madagascar to the Indian subcontinent, south-eastern 
Asia and Malesia, and the similar, but larger C. balansaeanum (Besch.) Broth., endemic to New Caledonia. 
Although O’Shea did not record the genus from New Guinea, Tixier (1977) reported C. bogoricum from 
Papua New Guinea, and Tan et al. (2007) reported another collection from there and two collections from 
the Solomon Islands. However, Clastobryophilum has not been reported from Australia (O’Shea 2000; Ramsay 
et al. 2002,2004; Ramsay 2012). 

O’Shea (2000, p. 99) found the genus Clastobryophilum to be ‘distinguished by its often reddish-brown 
colouration and shiny appearance, with very long, slightly flexuose leaves, usually twisted towards the apex, 
short, thick-walled alar cells, and laminal cells with a wide lumen and prominent walls... [which] sometimes 
gives an oblique stippled pattern to the leaf.’ For circumscribing species within Clastobryophilum O’Shea found 
characters identified by previous authors (e.g. Tixier 1977), including the degree of papillosity of leaves and 
setae, the degree of toothing of perichaetial leaves, and the length of rostrum of the calyptra, to be unreliable 
and often variable within one plant. Nevertheless, when comparing the two species, O’Shea (2000, pp. 100 
& 102, respectively) described the seta of C. bogoricum as ‘verrucose, usually for most of the upper half’, in 
contrast to that of C. balansaeanum, which he described as ‘less papillose’. 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 



234 Telopea 17: 233-237, 2014 Cairns and Meagher 

We consider that our collection fits best with Clastobryophilum balansaeanum on the basis that the leaf cells 
are often much longer than those specified by O’Shea (2000) for C. bogoricum, and the leaves are generally 
larger (Table 1). Unfortunately our material lacks setae, so the degree of papillosity of the seta could not be 
assessed. Measurements of leaf width in the Australian specimen were limited by the concave lamina and 
revolute margins of the lower leaf (Fig. 3a), a problem also encountered by O’Shea (2000, p. 99) who found leaf 
width to be ‘probably considerably understated because the hollow base of the leaf (where the width is usually 
greatest) prevents the leaf lying flat’. 

The following description is based on our Australian material (Figs 1-3). 

Clastobryophilum balansaeanum (Besch.) Broth., Die Naturlichen Pflanzenfamilien (2nd edn) 11: 408 (1925) 

Sematophyllum balansaeanum Besch., Annales des Sciences Naturelles; Botanique (serie 5) 18: 237 (1873) 

TYPE: New Caledonia, in cacumine montis Mi, Balansa 913 (1869) ex herb. Bescherelle; lectotype BM672528, 
isolectotypes BM672529, H-BR1032001, L (fide O’Shea 2000), non vidi. 

Plants yellow-green, shiny, densely foliate, with stem procumbent, foliose, red, from which ascending 

branches arise at irregular intervals, branches up to 1.5 cm long. Rhizoids orange-brown in fascicles. 
Branch leaves narrowly lanceolate, twisted towards apex, widest above base, concave and gradually tapering 
to a narrow apex, ecostate, 2.2-3.1 x 0.3-0.4 mm; margins revolute, serrulate by projecting ends of cells; 
laminal cells in mid-leaf elongate, rhomboid to sigmoid, 79-127 x 7.9-10.1 pm (length : width ratio 
8.6-15.7:1), thick-walled and strongly porose, walls bulging strongly on both abaxial and adaxial sides, 
regularly ranked, forming an oblique pattern because of the very thick-walled and porose ends of the cells, 
unipapillose with simple, prominent papillae on dorsal surface; alar cells thick-walled, yellow-orange, colour 
extending across leaf base to the opposing alar group. Stem leaves similar but much more variable in size, not 

or hardly twisted when dry, margins not or hardly revolute. Androecia not seen. Gynoecia common on lower 
branches. Perichaetial leaves smaller than branch leaves, 0.8-1.3 x 0.2-0.3 mm, subulate from a widely ovate 
base, apex acute; margins strongly toothed; variously papillose, alar cells larger than laminal cells, rectangular- 
rhomboid, hyaline. Sporophytes not seen. 

Specimen examined: Australia: Queensland: North Kennedy (Anonymous 1975): Wet Tropics: Boulder Creek near Tully, 

on bark of tree overhanging creek, mixed with Heteroscyphus aselliformis (Nees) Schiffn., about 2.5 km upstream from 

Alligators Nest, Cairns & Meagher WT-353A, 7 May 2014 (BRI, CNS). 

Discussion 

O’Shea (2000) distinguished the two species of Clastobryophilum based on three specimens of C. balansaeanum 
from New Caledonia, which he compared with a large number of specimens of C. bogoricum. Commenting 
on the paucity of Clastobryophilum collections, O’Shea recognised the limitations of his revision, stating: 
‘This document should thus be considered an interim rationalisation of the genus, and not the final word’ 
(O’Shea 2000, p. 97). However, he found the leaf dimensions and laminal cell lengths in C. balansaeanum 
to be consistently different from those of C. bogoricum. On that basis our material agrees more closely with 
C. balansaeanum rather than C. bogoricum (Table 1), although there is a clear overlap and to some extent it 
bridges the gap between the two species. This suggests that the two species may not be as distinct as previously 
thought, and therefore might well be conspecific. 

Although O’Shea (2000) did not differentiate between branch and stem leaves, we assume that his measurements 
refer to branch leaves because they are most likely to be dissected from the plant. Many stem leaves on the 
Australian specimen were damaged (thus rendering them unsuitable for measurement) or absent (Fig. 2). 

Stem leaves of specimens examined by O’Shea were possibly similar. 

Some bryologists consider C. balansaeanum to ‘probably not be a good species’ (BC Tan, pers. comm, to AC, 
2014). Since differences in leaf size, laminal cell dimensions and papillosity of the seta might simply reflect 
morphological plasticity under varying environmental conditions (e.g. Noguchi 1973, Buryova and Shaw 
2005, Pereira et al. 2013), the taxonomic status of this taxon may be uncertain. However, we prefer to take a 
conservative approach here and follow O’Shea’s treatment in the absence of any further study of the genus. 
A molecular study of plants from a wide range of geographical localities would no doubt resolve the question 
of possible synonymy. 
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Fig. 1. Clastobryophilum balansaeanum at Boulder Creek, Queensland, growing as an epiphyte with the leafy liverwort 

Heteroscyphus aselliformis. Scale bar: 10 mm. 

Fig. 2. Clastobryophilum balansaeanum. Whole plant, showing procumbent stem and ascending branches. 

Scale bar: 10 mm. 
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Table 1. Comparison of leaf characters reported for Clastobryophilum bogoricum and C. balansaeanum, compared 
against our material of C. balansaeanum from Queensland. 

Dimension 

Leaf length (mm) 

Leaf width (mm) 

Leaf length: width ratio 

Laminal cell length (pm) 

Laminal cell width (pm) 

Laminal cell l:w ratio 

G bogoricum 

1.2-2.8 

0.2-0.4 

4.1- 11.6 

(39-)45-80(-1 1 1) 

6.5-10 

6.1- 10.4 

C. balansaeanum 

(1.7-)2.3-3.1 

(0.2-)0.3-0.4 

5.2- 8.8 

(85—)1 10-120(—130) 

9-10 

11.2- 12.5 

Australian material 

branch: 2.2-3.1 

stem: 1.4-2.8 

branch: 0.3-0.4 

stem: 0.3-0.4 

branch: 5.5-9.3 

stem: 3-6(-6.8) 

79-119(-127) 

(5.6-)7.9-9.5(-10.1) 

8.6-15.7 

Fig. 3. Clastobryophilum balansaeanum, Cairns & Meagher WT-353A. a, typical branch leaf, b, typical perichaetial leaf, 

showing the large marginal teeth, c, leaf base showing thick-walled, coloured alar cells, d, laminal cells in side view, 

showing the papillae, e, cells in middle of leaf lamina. Scale bars: a, b - 0.5 mm, c-e 100 pm. 
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Clastobryophilum balansaeanum would key out at couplet 51 (Trichosteleum) of the current Australian 
moss key (Buck and Vitt 2006), or perhaps at couplets 94, 118, 121 or 123 if the papillosity of the cells was 
overlooked. It has been confused with species of Acroporium (couplet 121) because of the long, narrow leaves. 
However, in Acroporium the leaves are characteristically involute or tubulose and (in known Australian species) 
generally do not exceed 2 mm in length (Ramsay et al. 2004). We suggest the following amendment to the key 
to accommodate Clastobryophilum: 

51 Plants often pendulous, flagelliform; alar cells quadrate, not inflated . Barbellopsis 

Plants usually in mats or wefts; alar cells elongate and rounded, inflated. 51A 

51A Plants dioicous; leaves narrowly oblong-lanceolate to linear, twisted towards apex wet or dry; laminal 
cells regularly ranked, often forming oblique pattern . Clastobryophilum 

Plants autoicous; leaves ovate-lanceolate to broadly oblong-lanceolate, not twisted; laminal cells not 
regularly ranked. Trichosteleum 
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Abstract 

Bryophytes (mosses, liverworts, hornworts) are an abundant and conspicuous component of the World Heritage 

Gondwana Rainforests of Australia which comprise several discontinuous areas of subtropical forests and woodland along 

the Great Escarpment of north-eastern New South Wales and south-eastern Queensland. The Gondwana Rainforests are 

considered to be of exceptionally high conservation value, with more than 200 rare or threatened plant and animal species 

but, surprisingly, no mention is made of bryophytes in the statement of outstanding universal values. Recent studies in 

Werrikimbe and Willi Willi National Parks using bryophytes as fine-scale indicators of rainforest condition, have identified 

a number of unusual and interesting bryophytes including the moss Rosulabryum epiphyticum (Bryaceae), Leptodontium 

viticulosoides, (Pottiaceae) and several endemic species of Macromitrium (Orthotrichaceae) The moss Fissidens thorsbornei 

(synonym: Nanobryum thorsbornei) (Fissidentaceae) and the liverwort Lejeunea gracilipes (Lejeuneaceae), are reported as 

new records for New South Wales. 

Introduction 

Location and environment 

The Gondwana Rainforests of Australia World Heritage Area, formerly known as the Central Eastern Rainforest 
Reserves, is a serial property consisting of numerous discontinuous reserves along the Great Escarpment of 
north-eastern New South Wales (N.S.W.) and south-eastern Queensland. These areas are considered to be 
of exceptionally high conservation value, with more than 200 rare or threatened plant and animal species. 
They were inscribed on the World Heritage List in 1986, renominated in 1992 to include additional reserves, 
re-listed in 1994 as Central Eastern Rainforest Reserves (Australia) and renamed in 2007 as Gondwana 
Rainforests of Australia. 

The Gondwana Rainforest satisfy three World Heritage criteria (viii, ix and x), relating to the unique biota 
and landforms across its 42 separate areas. The property provides the major refugia for the remaining 
Gondwanan rainforest flora and fauna, and its spectacular landforms are outstanding examples of ongoing 
geological processes. However, the World Heritage nomination documents, current statements of outstanding 
universal values (Adam 1987, Hunter 2004, Kitching et al. 2010) and proposed extensions (http://whc.unesco. 
org/en/tentativelists/5541/), do not include bryophytes (mosses, liverworts and hornworts) despite numerous 
references to the significance of other species of primitive and relictual taxa, and the abundance of bryophytes 
in the rainforest environments. 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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The current study is focussed on the Hastings-Macleay Group of the Gondwana World Heritage property 
within the upper reaches of the Forbes and Wilson River catchments. The vegetation of the study area is 
Nothofagus moorei - Ceratopetalum apetalum sub-alliance, cool temperate rainforest (Floyd 1990) or 
microphyll fern forest following the national classification by Webb (1959). The Gondwana Rainforests of 
Australia World Heritage serial property protects the most extensive areas of subtropical rainforest in the 
world, large areas of warm temperate rainforest and nearly all of the Antarctic beech (Nothofagus moorei 
(F.Muell.) Maiden) cool temperate rainforest in existence. The reserve consists of ancient vegetation and plant 
lineages that play a significant role for biodiversity conservation and evolutionary history of the rainforests. 
Nothofagus moorei (Antarctic beech) is considered to be a key species of these forests, and the finest examples 
of Nothofagus moorei - Ceratopetalum apetalum forests are considered to be those of Werrikimbe and Willi 
Willi National Parks which lie within the Hastings-Macleay Group of the Gondwana property north-west of 
Port Macquarie. Here cool temperate rainforest occupies an altitudinal range of 900 - 1240 m with N. moorei 
forming an open canopy 25-40 m tall over a dense 15-25 m sub-canopy of Ceratopetalum apetalum D.Don and 
Doryphora sassafras Endl. Approximately 15 additional sub-canopy rainforest tree species exhibiting strong 
relictual Gondwanan affinities occur in the rainforest community. There is a continuous understorey cover of 
ground fern species such as Blechnum wattsii Tindl. and Sticherus lobatus N.A.Wakef. and semi-woody vines 
such as Ripogonum discolor F.Muell. Stand tree basal areas (>10 cm DBH) are high in the study area, ranging 
from 70-130 nr/ha'1 (mean 83 nr/ha'1, 95% confidence interval around the mean: 77.3, 88.8) creating a large 

surface area of tree buttresses for bryophyte colonisation in addition to an abundance of fallen log substrates 
(mean surface area is 709 nr/ha1) (Peacock and Downing, in prep). 

The climate of the study area is cool temperate, with a mean annual rainfall of 2200 mm and mean annual 
temperature of 14.2°C. Relative humidity usually exceeds 90% with afternoon mists common all year. Rainfall 
peaks in the summer months with the mean of 197 rain days per year. Since 1960 mean annual maximum 
temperature has increased by 1.5°C, a rate of increase at the high end of the scenarios outlined in the projected 
global warming scenarios in IPCC Fifth Assessment Report (http://www.ipcc.ch/report/ar5) (R Peacock, 
unpublished data). 

Bryophytes are abundant and conspicuous throughout these Gondwanan rainforests, although they were not 
included in the World Heritage nomination (Adam 1987) presumably due to a lack of awareness and difficulty 
of identification. However, bryophytes are plentiful along roadsides, on soil, on roadside banks, on fallen logs 
and pendant from roadside trees and shrubs. Within the forest, corticolous bryophytes are strikingly apparent 
on the buttresses of most tree species, particularly those of N. moorei and C. apetalum (Figs 3,4). On the forest 
floor, shade tolerant bryophytes colonise soil, rocks, fallen logs, shrubs, vines, tree ferns and palms, even the 
leaves of some vascular plants (such as Cryptocarya and Ripogonum spp.) and ferns. A very different suite of 
bryophytes colonise branches in upper tree canopies (Fig. 5) where they are intermittently exposed to frequent 
fogs and mists but must also be able to tolerate periods of high light levels and temperatures 3-4°C higher than 
those of the rainforest understorey. 

Bryophytes in Nothofagus forests elsewhere in Australia 

There have been numerous Australian studies of bryophytes associated with Nothofagus cunninghamii (Hook.) 
Oerst. (myrtle beech) in Tasmania (e.g. Jarman et al.1991, Jarman and Kantvilas 1995, Tng et al. 2009) and in 

Victoria (e.g. Ashton and McCrae 1970, Keller 
et al. 2006, Milne and Louwhoff 1999) but 
there are relatively few studies of bryophytes 
associated with N. moorei. Franks (2000) 
and Franks and Bergstrom (2000) described 
corticolous bryophytes of N. moorei forests 
along the higher peaks of the Lamington 

Plateau of south-eastern Queensland where 
they recorded 43 bryophyte taxa from the 
lower trunks. However, apart from a species 

by Heinar Streimann (unpublished), there is 
no published information on bryophytes of 
N. moorei forests of north-eastern New South 
Wales. 

Fig. 1. Map of Australia showing general location of Gondwana 

Rainforests of Australia. 
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Early history of collections from this area 

In 1949, Professor Alan Burges and R.D. Johnston surveyed an area of previously unlogged simple notophyll 
vine forest in the Doyles River State Forest, a section of the forest south of the Oxley Highway. This survey site 
is approximately 30 km south of Werrikimbe and Willi Willi National Parks and at a much lower elevation 
(650-700 m ASL, Burges and Johnson 1953). Botany students from the University of Sydney took part in this 
survey as part of their ecological studies in 1949. The forest here is dominated by C apetalum and Acradenia 
euodiiformis (F.Muell.) T.G.Hartley, but the elevation is too low for N. moorei. Although bryophytes were 
poorly known at this time and identification difficult, fourteen moss taxa were recorded during this study. The 
area was logged in 1955-1956. In 1981, thirty two years after the Burges and Johnston study, foresters Gary 
King and William Chapman resurveyed the original study area and described the post-logging recolonisation 
patterns. Bryophytes were collected as part of this survey by Chapman in March 1981 (the specimen ‘Collector’ 
recorded as Forestry Office, Taree) and in October of the same year by King, and bryologists Helen Ramsay (one 
of the students involved in the original 1949 project) and Dale Vitt. Ml specimens were identified by Ramsay 
and Vitt and included a total of 44 moss taxa for the site (King and Chapman 1983). Additional specimens 
collected by Chapman which have recently come to light, include two mosses and eight liverworts. 
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Fig. 3. Typical Nothofagus moorei - Ceratopetalum apetalum forest in Werrikimbe National Park. 

Fig. 4. Bryophytes are abundant on tree buttresses in Nothofagus moorei forest of Werrikimbe and Willi Willi National 

Parks. 
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Notes prepared for the University of New South Wales Plant Community Ecology field trips to Mount Boss 
State Forest from 1973-1983 (unpublished) list 62 mosses. Areas of specific interest on these field trips, and 
now part of Werrikimbe and Willi Willi National Parks, were Mount Banda Banda (Nothofagus moorei - 

Ceratopetalum apetalum - Sloanea woollsii rainforest), some lower elevation warm temperate rainforest at 
Wilson River Picnic Area, and tableland high altitude Eucalyptus forest and woodland at the Forbes River 
Crossing on the Racecourse Trail. 

Heinar Streimann from the Australian National Herbarium (CANB) made numerous collecting trips to 

Werrikimbe and Willi Willi National Parks and surrounding State Forests and Reserves and his collections 
from the area include 73 moss taxa, 29 liverworts and 1 hornwort. 

Many interesting and unusual bryophyte species are present in the Gondwana Rainforests and two new species 
records are reported here. 

Methods 

Two approaches were adopted for the sampling strategy: a systematic permanent plot approach to facilitate 
long term monitoring and a stratified plotless approach which targeted specialised habitats. Sampling was 
conducted in 2011-2013. The systematic plot based sampling was nested within a larger study undertaken by 
Macquarie University biologists Ross Peacock, Alison Downing, William Chapman and Suzanne Kinsley, which 

aims to systematically survey rainforest bryophytes across a disturbance gradient to examine the relationship 
between compositional and fine scale habitat preferences and past site disturbance. Twenty eight 50 x 2 m2 plots 
were established in Werrikimbe and Willi Willi National Parks, nested within larger 1200 m2 rainforest growth 

dynamic plots. Bias was minimised by using original Forestry Commission 1960 plot markers establishing the 
boundaries of the growth dynamics plots. The 50 x 2 m2 plots were established within each tree growth plot; 1 
metre either side of a diagonal line established across the plot axis. Bryophytes were sampled by substrate type, 
including tree buttresses to 2 m, logs, rocks, soil, fallen branches and leaves. 

The stratified plotless sampling approach aimed to gain an insight into species occurring in other specialised 
habitats not easily sampled in a systematic way. Specialised habitats included abandoned pine plantations, 
disturbed roadsides and camp grounds, rocky outcrops, swamps and Eucalyptus forests. Specimens were 

Fig. 5. Bryophytes, ferns (Pyrrosia) and orchids (Dendrobium falcorostrum Fitzg.) on the upper trunk and canopy branches 

of Nothofagus moorei. 



244 Telopea 17: 239-251, 2014 Downing, Peacock and Ramsay 

returned to the laboratory where they were identified using published keys, for example Buck et al. (2002), 
Scott and Stone (1976), Scott (1985) and Beever et al. (1992), and on-line resources, in particular Australian 
Mosses Online (2014). Small, epiphytic and epilithic liverworts (Radulaceae and Lejeuneaceae) were referred 

to Dr Matt Renner for determination. Representative collections of each species will be lodged with MQU and 
NSW. 

Information on distribution of the selected species was sought from the Atlas of Living Australia (2014), 
Australian Mosses Online (2014), Australia’s Virtual Herbarium (2014) and from our own records. Specimens 
which reflected both geographic range and time since collection were examined at CANB, MEL and NSW. 

Results and Discussion 

More than 120 bryophyte taxa were recorded in the wider study; we considered that the species represented 
here are of particular interest. 

New Records for New South Wales 

Lejeunea gracilipes (Taylor) Stephani (Lejeuneaceae) 

The type locality of Lejeunea gracilipes is somewhat perplexing, recorded simply as PACIFIC ISLES, Nightingale 
s.n., ex herb. Hooker, ex herb Taylor: FH (Renner 2013). This epiphytic leafy liverwort of subtropical and warm 
temperate rainforests of New Zealand occurs in lowland forests in the northern part of the North Island, 
and from Raoul Island in the Kermadec Group. In Australia, L. gracilipes has been known only from Norfolk 
Island, recorded variously as Hygrolejeunea norfolkensis (Stephani) Stephani and Lejeunea norfolkensis Stephani 
(Renner 2013) until collected by Renner in 2005 from Eungella National Park on the ranges to the west of 
Mackay in tropical north Queensland (Atlas of Living Australia 2014a). 

The Lejeuneaceae is a particularly complex and taxonomically difficult family of almost exclusively epiphytic 
and epiphyllous leafy liverworts. The extremely small size of most taxa makes identification exceptionally 
challenging. Other complications are the tendency of many taxa to grow intermixed with other leafy liverworts, 
or sometimes for a single stem to weave a path through mats of other leafy liverworts, mosses and lichens. 

Collections of L. gracilipes from Werrikimbe National Park are the first records of this species in N.S.W. Given 
the relative proximity to Norfolk Island and the North Island of New Zealand, this is not surprising and had 
been predicted by Renner (2013). Lejeunea gracilipes was recorded in two different forest types at Werrikimbe 
and Willi Willi National Parks: firstly, in the drier (MAR 1471 mm) tableland Ceratopetalum apetalum - 
Acradenia euodiiformis dominated forest of Fenwick’s Scrub in the western section of Werrikimbe National 
Parks where it is relatively common on the bark of Acradenia euodiiformis (Yellow Satinheart); secondly on a 
range of tree buttresses including C. apetalum, D. sassafras and N. moorei in Nothofagus moorei - Ceratopetalum 
apetalum forest in the areas of highest rainfall at the edge of the escarpment. 

Lejeunea gracilipes appears to flourish in very low light levels near the forest floor where substrates are 
consistently moist. Characteristically, the cells of the leaf lobes are clear and the lobules are described as ‘inflated 
obpyriform’ (Renner 2013), not unlike an open baseball glove waiting for a catch (Renner, pers. comm.). 

Specimens examined: New Zealand: Kermedec Islands: Raoul Island, Kermedec Islands Nature Reserve, P.J. de Lange 

K355 8c D.C. Howell, 9 May 2009, on damp ground in deep ravine (NSW875753); North Auckland: Waitakere Ranges, 

Destruction Gully, M.A.M. Rennerl206, 24 Nov 2004, on trunk of Rhopalostylis sapida (NSW889050); 

Australia: New South Wales: Northern Tablelands Qacobs and Pickard 1981): Werrikimbe National Park, 

Cockerawombeeba Road, A.J. Downing 8c S. Kinsley s.n., 25 Oct 2011, on Nothofagus moorei in dense Nothofagus moorei - 

Ceratopetalum apetalum cool temperate rainforest (MQU72002869); Fenwicks Scrub Flora Reserve Werrikimbe National 

Park, off Cobcroft and Fenwicks Roads, north of Oxley Highway, A.J. Downing 8c S. Kinsley s.n., 24 Oct 2011, on Acradenia 

euodiiformis in Ceratopetalum apetalum - Doryphora sassafras cool temperate rainforest (MQU72002868); Werrikimbe 

National Park, Hastings Forest Road, A.J. Downing s.n., 22 Apr 2013, on Doryphora sassafras in cool temperate Nothofagus 

moorei - Ceratopetalum apetalum forest, (MQU72002867). 

Fissidens thorsbornei (I.G.Stone) Brugg.Nann. 

Synonym: Nanobryum thorsbornei I.G. Stone (Fissidentaceae) 

In 2010 Fissidens thorsbornei was collected in Nimbin, north-eastern N.S.W., growing in pure stands on damp, 

shaded clay roadside banks in a rural area adjoining natural areas of mixed forest. In this location, these 



Bryophytes from Antarctic Beech, NSW Telopea 17: 239-251, 2014 245 

minute plants, ca 1.5 mm high, were emerging from a dense mat of green protonema. The original placement 
of this species in Nanobryum by Stone (1982) has not been without controversy as Pursell and Reese (1980) 
and Bruggeman-Nannenga and Berendsen (1988) considered it to be more appropriately included in Fissidens. 

Most collections of this species are from tropical north Queensland, between Ingham and Cooktown. 
However, it was also collected by lima Stone from Lamington Plateau in south-eastern Queensland. Nimbin, 
falling within the Mount Warning erosion caldera, shares many environmental factors with Lamington Plateau 

(geology, topography, climate, vegetation), so the presence of this species in northern N.S.W. is to be expected. 

Specimens examined: Australia: Queensland: Cook (Anonymous 1975): Lions Den, Helenvale, I.G. Stone 22090, 

07 Jun 1984 (MEL2262604); Emmagen Creek Track, Cape Tribulation, I.G. Stone 19430, 26 Jun 1982, on earth, on roots 

of fallen tree (MEL2245664); North Kennedy: Wrights Creek, Lake Eacham National Park, I.G. Stone 25512, 22 Jul 1989 

(MEL2329012); Kirrama State Forest, I.G. Stone 16971, 10 Sep 1980 (MEL2241141); South Kennedy: Finch Hatton to 

Calen, I.G. Stone 18470, 09 May 1982 (MEL2243811); Leichhardt: Mickeys Creek, Carnarvon National Park, I.G. Stone 

20476, 27 Jul 1982, on earth bank near Livistona (MEL2249797); Burnett: Cania, I.G. Stone 20989, 5 Aug 1983, on clay 

bank in rainforest (MEL2258248). New South Wales: North Coast: Nimbin, Falls Road, A.J. Downing, N. Osborne & 

K.D. Downing s.n., 13 Aug 2010, on sticky clay loam of roadside bank (MQU72001800, NSW873819). 

New Caledonia: La Cresson, north-east of Koumac, 100 m asl, Z. Iwatsuki 6334, 02 Aug 1982, on soil, limestone area 

(MEL2278692). 

Noteworthy Mosses 

Rosulabryum epiphyticum J.R.Spence & H.P.Ramsay (Bryaceae) 

Rosulabryum epiphyticum was described by Spence and Ramsay (1999) from a collection made by Alison 
Downing in 1991. This is an unusual epiphytic moss species for which the place of origin was not certain. The 
type locality has always been somewhat of an enigma as the specimen was collected from an epiphytic orchid, 
purchased originally from a Port Macquarie nursery, and at the time growing in the glasshouses at Macquarie 
University. 

This endemic species of Rosulabryum from the coastal ranges of north-eastern N.S.W. and Queensland is 
the only known epiphytic Rosulabryum species and is also one of the very few epiphytic species of Bryaceae. 
Rosulabryum epiphyticum is readily identified by the unbranched, filiform gemmae in the axils of the upper 
leaves. Collections by lima Stone are recorded from tropical far north Queensland (Ramsay and Cairns 2004) 
and from south-eastern Queensland where the species is well documented. In 2010, Alison Downing, Neville 
Osborne and Kevin Downing collected another specimen, again growing amongst epiphytic orchids at Nimbin 
in north-eastern N.S.W. 

A specimen of R. epiphyticum growing with the rare epiphytic beech orchid, Dendrobium falcorostrum, on 
a fallen N. moorei canopy branch in Werrikimbe National Park was collected in 2011 by Alison Downing 
and Suzanne Kinsley. The identification was confirmed by the presence of conspicuous gemmae amongst the 
upper leaves. The occurrence of this species at Werrikimbe appears to confirm the likelihood that the type 
locality given as Port Macquarie is quite sound. In the last two years, no further collections have been made, 
despite using every opportunity to search for the moss on fallen branches laden with beech orchid. The type 
collection was not growing amongst D. falcorostrum and it may be that R. epiphyticum could be sought more 
productively amongst other species of epiphytic orchids on branches of trees at lower elevations. 

Surprisingly, with one exception (I.G. Stone 24701, from Innisfail), all the collections made by lima Stone 
appear to have been from crumbly, friable, sandy soils. Unfortunately, Stone does not record substrates for 
any collections of this species. So perhaps consideration of the habitat description for R. epiphyticum, namely 
‘usually on the twigs of trees and shrubs and on orchid roots; sometimes on rocks’ should be reviewed. 

Specimens examined: Australia: Queensland: Cook: Mount Haig (Lamb Range), Danbulla State Forest, I.G. Stone s.n., 

5 Jul 1984 (MEL2262845); North Kennedy: Downey Creek, near Innisfail, I.G. Stone 24701, 19 Sep 1987 (MEL2322544); 

South Kennedy: Peases Lookout, Eungella National Park, I.G. Stone 12505, 6 Jun 1975 (MEL2213357); Leichhardt: 

Expedition Range, I.G. Stone 21181, 8 Aug 1983 (MEL2258503); Morton: Mount Nebo, I.G. Stone 13130, 14 May 1978 

(MEL2216643); Rifle Bird Creek, Binna Burra, Lamington National Park, I.G. Stone 12919, 12 Jun 1975 (MEL2219159); 

Staircase Falls, Lamington National Park, I.G. Stone 11998, 26 Oct 1976 (MEL2212294). New South Wales: Northern 

Tablelands: Werrikimbe National Park, Hastings Forest Way, A.J. Downing s.n. & S. Kinsley, 1 Mar 2011, epiphytic on 

fallen branch in Nothofagus moorei - Ceratopetalum apetalum forest (MQU72002596); North Coast: Nimbin, Falls Road, 

A.J. Downing s.n., N. Osborne & K.D. Downing, on epiphytic orchids (NSW873822, MQU72001779); Central Coast: 

Macquarie University glasshouse, cultivated, A.J. Downing s.n., 8 Aug 1991, epiphytic on orchids in pots originally from 

Port Macquarie (NSW713185 - isotype); 
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The genus Macromitrium Brid. (Orthotrichaceae) 

Macromitrium Brid. is an exceptionally large moss genus, including about 350 taxa worldwide, of predominantly 
epiphytic species from tropical and subtropical regions with a few taxa found in southern temperate locations. 
Most Australian taxa can be found in rainforests of eastern Australia from sea level to 1500 metres. Eleven 
of the 22 taxa recorded in Australia are endemic (Vitt and Ramsay 1985a). Macromitrium species are often 
abundant on the branches of tree canopies and margins of rainforest where they have the capacity to tolerate 
high light levels, high temperatures and periods of desiccation. In Werrikimbe and Willi Willi National Park 
there are several Macromitrium species of particular interest. 

In their taxonomic revision of Macromitrium in Australasia, Vitt and Ramsay produced a summarised diagram 
of the habitat preferences of Australian species (Vitt and Ramsay 1985b, fig. 4, p. 459). In this diagram, a 
number of endemic species are shown to occur in rainforests but are found in different habitats. For example, 
M. stoneae and M. exsertum prefer Nothofagus dominated forests whereas M. hortoniae and M. hemitrichodes 
are most common in ravine rainforests dominated by C. apetalum. Two species, the relatively robust M stoneae 
and the smaller M. hortoniae, are of particular interest. 

Macromitrium hortoniae Vitt & H.P.Ramsay (Orthotrichaceae) 

Macromitrium hortoniae is described by Ramsay et al. (2006) as one of the smallest Australian species of 
Macromitrium, with a distinct, multi-fringed calyptra. The distribution was initially considered to be restricted 
to the vicinity of the Border Ranges in north-eastern N.S.W. and south-eastern Queensland. However, Atlas of 
Living Australia (2014b) now shows records of M. hortoniae sparsely scattered along the east coast of Australia 
from Belmore Falls south-west of Sydney to locations in the vicinity of Bulahdelah and Taree. Some additional 
Queensland collections are from the ranges north-west of Bundaberg and south-west of Gladstone, and 
from the Bunya Mountains of south-central Queensland. Our collections from Werrikimbe and Willi Willi 
National Parks, from a range of substrates, including N. moorei buttress, Parsonsia sp., Cryptocarya foveolata, 
Cryptocarya meissneriana and fallen branches, fill a discontinuity in the species distribution between the few 
southern N.S.W. collections and those from the Richmond River and Border Ranges region of N.S.W. 

Specimens examined: Queensland: Burnett: Kalpowar, Scrub Creek, 30 km NE Monto, 400 m, H. Streimann 9921, 

17 Jun 1980, on tree trunk in dry semi-tropical scrub forest (CBG 8002464); Bunya Mountains National Park, south-west 

of Kingaroy, 800 - 1000 metres, D.H. Norris 35689, 9 Mar 1974, in open rainforest (NSW767406); Moreton: Lamington 

National Park, 25 km SW of Canungra on road to O’Reilly’s Guest House, D.H. Vitt 28150 8c H.P. Ramsay, 7 Nov 1981, 

in open shrubby montane rainforest (NSW748831 - isotype); Border Track, Lamington National Park, I.G. Stone 4247, 

18 Aug 1969, (mixed with M. stoneae) (MEL2140570); Lamington National Park, road to O’Reilly’s, D.H. Vitt 28183, 

7 Nov 1981, on trees in rainforest (NSW444399). New South Wales: Northern Tablelands: Werrikimbe National Park, 

Cockerawombeeba Road, A./. Downing 8c S. Kinsley s.n., 2 Mar 2011, on liane in dense Nothofagus moorei - Ceratopetalum 

apetalum cool temperate rainforest (MQU72002870); Werrikimbe National Park, Cockerawombeeba Road, A.J. Downing 

8c S. Kinsley s.n., 2 Mar 2011, on Nothofagus moorei coppice, in dense Nothofagus moorei - Ceratopetalum apetalum cool 

temperate rainforest (MQU72002871); North Coast: Foot of Mount Lindsay, W. Forsyth 852, Sept 1900 (NSW767165); 

S. Beach Scrub opposite Ballina, W.W. Watts 8148, 31 Dec 1902 (NSW767183); near Bulga Creek, W.W. Watts 10812, April 

1915 (NSW767179); Wiangaree State Forest, 30 km NE Kyogle, 920 m, H. Streimann 6115, 3 Sep 1978, on fallen dead 

branch in Nothofagus dominated forest (CBG 7902000); Central Tablelands: Belmore Falls, W.W. Watts 9816, 5 Oct 1908 

(NSW767182). 

Macromitrium stoneae Vitt & H.P.Ramsay (Orthotrichaceae) 

Macromitrium stoneae is an uncommon epiphytic moss from montane rainforests (Vitt and Ramsay 1985a, 
1985b, Ramsay et al. 2006) It has an unusual disjunct distribution, with a cluster of collections from the 
Atherton tablelands north-west of Cairns in tropical north Queensland, a second cluster from the Border 
Ranges of south-eastern Queensland and north-eastern N.S.W. and a third which includes collections from 
Werrikimbe and Willi Willi National Parks (Atlas of Living Australia 2014c). The type locality, Plateau Beach 
Preserve (sic), Mount Boss State Forest is now Plateau Beech Reserve and part of Werrikimbe National Park. In 
N. S.W., M stoneae grows as an epiphyte in the canopies of N. moorei. In this study, M. stoneae was collected from 
buttresses of N. moorei, from young stems of Callicoma serratifolia and from fallen logs. In their taxonomic 
revision Ramsay et al. (2006) describe the distinctive capsules and multi-split calyptrae, pattern of leaf cell 
shape and anatomy as the most distinctive characteristic of M. stoneae, in particular, upper leaf cells which are 
densely pluripapillose with low branched papillae and smooth, elongate basal cells. 

Specimens examined: Queensland: Cook: Mount Lewis, end of road, 28.1 km, from junction with road between Mount 

Molloy and Mossman, 1036 m, D.H. Vitt 28014 & H.P. Ramsay, 3 Nov 1981, montane tropical rainforest with abundant 

epiphytes (NSW748821); Mount Father Clancy, from road to Souita Falls, 800 - 1100 m, D.H. Norris 43251,28 May 1981, 
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on moist sunny limbs of fallen tree in partially cut-over rainforest on northern slopes (NSW770583); North Kennedy: 

Mount Bellenden Ker, LG. Stone 17944, 23 Sep 1981 (MEL2243185); Moreton: South of Boonah, State border, on ridge 

trail northward from the pass on road north of Wilsons Peak, ca 600 m, D.H. Norris 37124,23 Mar 1974, on moist, diffusely 

lit limbs high in tree in cut-over rainforest (NSW771078); Border Track, Lamington National Park, I.G. Stone 4247, 18 Aug 

1969, (mixed with M. hortoniae) (MEL2140570); Scrub opposite track to Morans Falls, road below O’Reillys, Lamington 

National Park, I.G. Stone 20534, 14 Feb 1983 (MEL2249847); Lamington National Park, Python Rock Lookout, west of 

O’Reilly’s Guest House, D.H. Norris 34943, 26 Feb 1974, on moist sunny boulder in Eucalyptus forest (NSW771085). 

New South Wales: Northern Tablelands: north-west of Wauchope, Plateau Beach Preserve, Mount Boss State Forest, 

823 m, D.H. Vitt 27483, H.P. Ramsay & G. King, 10 Oct 1981, collection from canopy area of felled trees, actively logged 

Nothofagus moorei, Doryphora sassafras, Ceratopetalum apetalum temperate rainforest (NSW748596 - isotype); Mount 

Boss State Forest, Forbes River, 1060 m, H. Streimann 7173, 20 Oct 1978, On fallen Eucalyptus branch, in Eucalyptus 

scattered grassland with shrubs (CBG 7906119); Werrikimbe National Park, Cockerawombeeba Road, A.J. Downing 

s.n. & S. Kinsley, 23 Oct 2011, on buttress of Nothofagus moorei in dense Nothofagus moorei - Ceratopetalum apetalum 

cool temperate rainforest (MQU72002873); Fenwicks Scrub Flora Reserve Werrikimbe National Park, off Cobcroft 

and Fenwicks Road, north of the Oxley Highway, 1114 m, A.]. Downing s.n. 8c S. Kinsley, 24 Oct 2011, on fallen log in 

Ceratopetalum apetalum - Doryphora sassafras cool temperate rainforest surrounded by Eucalyptus forest and woodland 

(MQU72002872); North Coast: Wingham-Comboyne Road, 24 km NNW of Taree, H. Streimann 60451, 17 Apr 1998, on 

semi-shaded tree trunk, in wet sclerophyll forest on steep slope (CBG9906481.1); 

Leptodontium viticulosoides (Beauv.) Wijk 8c Marg. var. viticulosoides (Pottiaceae) 

The epiphytic moss, Leptodontium viticulosoides var. viticulosoides, has a widespread distribution, including 
many South and Central American countries (e.g. Argentina, Bolivia, Brazil, Mexico, Peru), sub-Saharan 
Africa, Madagascar, Mauritius and Reunion, although, curiously, it has not been reported from New Zealand 
in spite of its strong representation in the southern hemisphere. The first published report of this species in 
Australia appears to be that of lima Stone, from Mount Kiangarow, Bunya Mountains, I.G. Stone 13334 & N. 
Ludke, 24 May 1978, from an old branch (sic) of Xanthorrhoea sp., MEL22178373 (Stone 1982) but there is 
an earlier collection from Barrington Tops (R. Pullen 3796, 4 Feb 1963, CANB156843) later determined by 
Zander. 

However, in Australia, this species appears to be restricted to rainforests of north-eastern N.S.W. and south¬ 
eastern Queensland (Atlas of Living Australia 2014d). Nothofagus moorei appears to be the most commonly 
recorded substrate although collections in CANB include one specimen growing on a boulder, one on Banksia 
and one on Acacia. The most southerly collection was made by A Newton (M090175103) from Mount Wilson 

in the Blue Mountains north-west of Sydney. There are a few collections from Barrington Tops, from New 
England National Park and from south-eastern Queensland. The actual localities of several Queensland 
colonies are unclear but appear to be in the rainforests of the Border Ranges. 

In 1999, a recommendation was made that L. viticulosoides var. viticulosoides should be recorded as a rare 
species, classified as 1R (Scott et al. 1999). T signifies known only from a single Australian collection if the 
type locality is overseas and CR’ (Rare) signifies that the species is recorded from either the type locality or 
from very few localities (Briggs and Leigh 1988). The latter is true for this species but not the first criterion. In 
Werrikimbe and Willi Willi National Parks, this species is not uncommon, sometimes occurring in abundance, 
often with Dicranoloma dicarpum, on large fallen branches of N. moorei. In contrast, sometimes few stems are 
found mixed with epiphytic mosses (eg Eucamptodon muelleri, Macromitrium spp.), and liverworts (Frullania 
spp.) on smaller fallen branches. The habitat appears to be similar to that of other Australian collections, 
namely rainforest or closed forest at the edge of the escarpment of the eastern ranges, above 900 metres in 
elevation. 

In his revision of the genus Leptodontium, Zander (1972) describes the habitat for Leptodontium species as 
middle to high altitude, in mountainous regions of the tropics and subtropics, frequently in mossy forests in 
high rainfall areas. In terms of climate change, does this mean that this particular species may well be at risk in 
Australia in a warming climate where there are no suitable habitats at higher altitude? 

Nomination of a species as threatened, rare or endangered, is a detailed and time-consuming process. In view 
of the records now available on line, and our own collections, perhaps a more appropriate classification for 
L. viticulosoides would be 3RC [3 - geographic range in Australia greater than 100 km; R - rare in Australia but 
currently without an identifiable threat; C - species with at least one population within a national park] (Briggs 
and Leigh 1995). 

Specimens examined: Australia: Queensland: Burnett: Mount Kiangarow, Bunya Mountains, LG. Stone 13334 & 

N. Ludke, 24 May 1978, on old branch {sic) of Xanthorrhoea sp., (MEL22178373); Darling Downs: Killarney, Moss garden, 

Spring Creek Road, LG. Stone 13185, 16 May 1978 (MEL2217754). New South Wales: Northern Tablelands: New England 

National Park, Weeping Rocks Track, 1500 m, H. Streimann 65181 & T. Poes, 11 Sep 1999, on crown branches of fallen 
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Nothofagus in Nothofagus - Elaeocarpus dominated forest along escarpment (CANB609671); Werrikimbe National Park, 

Hastings Forest Road, 1100 m, A.J. Downing s.n., 22 Apr 2013, on recently fallen branch of Nothofagus moorei, NE aspect, 

mesic, part shade, slope, in medium forest (MQU72002860); Werrikimbe National Park, Cant’s Trail of Cockerawombeeba 

Road, R.J. Peacock s.n., 2 Feb 2014, on upper limb of veteran Nothofagus moorei recently fallen in January 2014 windstorm, 

in Nothofagus moorei - Ceratopetalum apetalum sub-alliance cool temperate rainforest (MQU72002859); Werrikimbe 

National Park, Hastings Forest Road, A.J. Downing s.n., 22 Apr 2013, on recently fallen branch of Nothofagus moorei, 

in cool temperate Nothofagus moorei - Ceratopetalum apetalum forest (MQU72002866); Barrington Tops, 64 km N 

of Singleton, -1370 m, R. Pullen 3796, 4 Feb 1963, corticolous on upper trunk of Nothofagus (CANB156843); Dilgny 

River, Barrington Tops State Forest, 40 km WNW of Gloucester, 1160 m, H. Streimann 44626, 26 Apr 1990, on shaded 

granite boulder in Nothofagus dominated temperate forest (CBG 9010575); Gloucester Tops, 37 km WSW of Gloucester, 

-1300 m, H. Streimann 1568 (CBG 056730). 

South Africa: Transvaal: Mariepskop, 1970 m, P. Vorster 1110, 20 Oct 1969, mountain summit, eastern facing kloof, on 

stone, Podocarpus (CANB873242). 

Zaire: massif du Kahuzi, 2180 m, J.L. de Sloover 12554, 22 Dec 1971, en bordure du marais de Musisi, talus de schiste 

fortement delite (CANB873243). 

Madagascar: Ranomafana National Park, 1110 m, R.E. Magill 9465/EQ, 27 Sep 1994, montane rainforest, on high branches 

of tree at forest edge (CBG9710870). 

La Reunion: cirque de Cilaos, pres de cascades du Bras de Benjoin, 1600 m, J.L. De Sloover 17.967, 1 Jan 1974, sur vieux 

tronc (CANB873244). 

Mexico: Distrito Federal: Cerro Xitle, vertiente NE del Ajusco, A. Cardenas S. 4427, 5 Feb 1986, bosque mezclado de Pinus 

y Quercus etc., tronco de encino, lugares expuestos y secos (CANB873245). 

Costa Rica: Province San Jose, Valle de Copey, c. 30 km al sur de Cartago, 2000 m, D. Griffin III B90-a & M.I. Morales, 4 

Nov 1979, bosque primario montano bajo, muy humedo y con potreros, plantas en roca seca a pleno sol (CBG9205747). 

Peru: Vicinity of Cuzco, 1200 - 3000 m P. Jay, Oct 1893, humid slope (CBG8207625). 

Bolivia: vicinity of Yungas and La Paz, 1200 - 3000 m, P. Jay s.n., Jun & Jul 1893, humid slope, (CBG8207624). 

Argentina: Prov. Tucuman: Valle de los Sosas, road between Tafi del Valle and Tucuman, W.C. Steere 60-322, 4 Dec 1960, 

at lower, drier end of valley, on moist bank (CBG8207626). 

Conclusion 

Providing a threat or risk assessment of the new records in this paper is challenging as the IUCN Red List 
of Threatened Species criteria (IUCN 2001) are difficult to apply to bryophytes without specific adaptation 
(e.g. Hallingback et al. 1998, Gonzalez-Mancebo et al. 2012). In Australia we lack data on rates of decline; 
populations are difficult to quantify in terms of number and local extent; our continental extent data is patchy 
and dependent on survey and databasing effort; and defining a population across sexual and asexual life stages 
is extremely problematic. For extinction risk to be assessed using the IUCN Red List Categories and Criteria 
(IUCN 2001, 2012) at a minimum the species must be threatened globally, confined to a threatened habitat 
and have a narrow distribution range (Hallingback and Hodgetts 2000). In the absence of such information 
a pragmatic approach incorporating criteria such as the presence of declining, threatened, or rare taxa and 
apparent or reported species richness is recommended (Hallingback and Hodgetts 2000). 

Establishing bryophyte distribution and population status will always be difficult. Bryophytes are small, 
difficult to see, often growing in mixed populations and frequently with single stems intertwined amongst 
numerous other epiphytic fern, bryophyte and lichen taxa. Identification can be difficult for the non-specialist 
and is always time consuming. Bryophyte collections can be quite minimal and patchy, often garnered from 
readily accessible locations, such as roadsides and along walking tracks while those of challenging terrain or 
canopy habitats may go unheeded. Collections of canopy bryophytes from fallen trees, while possible, in our 
experience need to be made within weeks of the tree fall before desiccation and herbivory set in. Bryologists 
themselves are sparsely distributed, most are located in Australian capital cities. Werrikimbe and Willi Willi 
National Parks consist of remote and challenging terrain, and are almost equidistant between Sydney and 
Brisbane, but still a long way from both centres, in comparison to the distance of Victorian and Tasmanian 
beech forests from Melbourne and Hobart respectively. These parks represent the largest and least disturbed 
examples of Gondwana Nothofagus moorei dominated cool temperate rainforests in existence and it is only 
through systematic studies such as this, with both permanent plot sampling of sites remote from roads and 
stratified sampling of other specialised habitats such as rock outcrops and creek banks that we can advance our 
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knowledge of the distribution and habitat preferences of unusual or uncommon bryophytes. However, studies 
in less accessible locations should be encouraged as collections of unusual species and new regional records are 
essential for our understanding of bryophyte distribution and assessment of their conservation status. 
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Abstract 

Twelve species of Acromastigum (Lepidoziaceae) are recognised for Australia including three new species from Tasmania, 

Acromastigum prismaticale sp. nov., A. interstisiale sp. nov. and A. fumosum sp. nov. The new species A. interstisiale also 

occurs in New Zealand on the Denniston Plateau. Acromastigum tenax is a new record for Australia from the Wet Tropics 

Bioregion, and Acromastigum divaricatum is recorded for Tasmania and New Zealand. The enigmatic New Zealand endemic. 

Acromastigum brachyphyllum is synonymised with A. anisostomum, which is excluded from the Australian flora as all 

Australian records are based on misidentifications, primarily of A. interstisiale but also of A. mooreanum and A. fumosum. 

Acromastigum furcatifolium and A. fumosum are geographically restricted and sparsely distributed, the former on 

sandstone in rainforest in the Blue Mountains west of Sydney, the latter on peat in rainforest and shrublands in Tasmania. 

Acromastigum exiguum and A. marginatum are retained as separate species distributed either side of the Tasman Sea. 

Descriptions, illustrations and associated observations for Australian species of Acromastigum are presented, as is a key 

including Australian and New Zealand species. 

Introduction 

The Lepidoziineae is a sharply defined group of families (Phycolepidoziaceae, Lepidoziaceae and 
Calypogeiaceae), isolated by the position and almost universal reduction in size of the sexual branches, the 
general development of microphyllous stolons or flagella and the two phase development observed in the 
epidermal cells of the capsule (Schuster 1969). 

As early as 1845, Gottsche and Lindenberg recognised some elements of Acromastigum when they divided the 
genus Mastigobryum Nees into three sections, one of which, Section B, corresponded in a general way with 
Acromastigum. Spruce (1885) made no formal proposal, but expressed the opinion that three of the species in 
Section B might justifiably be separated as a distinct genus. 

Mastiogobryum was further divided by Stephani (1885-1886) into 11 sections, one of which, the Inaequilatera 
included Spruce’s 3 taxa plus another eight species. Schiffner (1893) followed Stephani’s example and recognised 
the Inaequilatera as a section in the genus Bazzania (the correct generic name for Mastigobryum, Carrington 
1870). In 1908 Stephani revised his earlier classification and divided the 11 sections of Mastigobryum into 
4 subgenera (Intergrifolia, Bidentata, Inaequilatera and Tridentata). Stephani thought generic separation 
unwarranted, but in 1934 Evans separated the subgenus Inaequilatera as the genus Acromastigum on the basis 
of branching differences i.e. postical branches arise terminally, replacing half of the underleaf, rather than 
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being intercalary or axillary as in Bazzania. Though Evans cited other differences in the axial organs, for 
him the presence of the Acromastigum-type branching alone was sufficient justification for separating the 
Inequilaterae from Bazzania/Mastigobryum. 

Evans (1934) recognised a total of 28 Acromastigum species divided into four sections on the basis of vegetative 
characters: sections Squarrosa, Subcomplicata (each with one species), Exilia (3 species) and Inequilatera 
(23 species). A number of new taxa have since been recognised and partly in response Schuster (1968, 
1997) altered the organisation of the genus at a subgeneric and sectional level by recognising 3 subgenera, 
Acromastigum (with two sections, Triandrophyllopsis (R.M.Schust.) R.M.Schust. and Acromastigum which is 
the equivalent of Evans’ Squarrosa), Subcomplicatae (Evans’ section Subcomplicata) and Inequilaterae (Schiffn.) 
Grolle (with 3 sections, Lepidomastigum R.M.Schust., Exilia and Inaequilatera, the latter 2 being equivalent to 
Evans’ sections of the same name). 

All but two of the Australian Acromastigum species belong to the section Inaequilatera, which is circumscribed 
by cortical cells usually in 7 longitudinal rows; bifid incubously inserted leaves and trifid underleaves. 
Acromastigum and A. verticale are allied to A. intergrifolium of Sect. Acromastigum, circumscribed by cortical 
cells in more than 7 longitudinal rows; leaves undivided or bidentate, transversely attached; underleaves 
undivided. 

Some of Evan’s species concepts have caused confusion and concern in this region and additional collecting 
(particularly in Tasmania) has revealed the need for a revision of the group in Australia. Since Evan’s monograph 
there has also been further work on the New Guinean species (Grolle 1978, Piippo 1991), New Caledonia 
(Hiirlimann 1983, Kitagawa 1985, Schuster 1997) and New Zealand (Elodgson 1954, Schuster 1963, Engel 

and Merrill 1994) that is of relevance to Acromastigum in Australia. Molecular phylogenetic investigation of 
the Lepidoziaceae (Heslewood and Brown 2007) resolved Lepidozia furcatifolia Steph. within Acromastigum 
and this transfer was formalised by Brown et al. (2012). The aim of this study is to document and describe 
Australian Acromastigum species on the basis of morphological data. Selected specimens examined are 
summarised according to the regional classification of Anonymous 1975 Queensland); Anderson 1961, Jacobs 
and Pickard 1981 (New South Wales); Conn 1993 (Victoria); and Orchard 1988 (Tasmania). 

Taxonomic Treatment 

Acromastigum Evans 

Plants small to moderate in size, in large tufts or in low mats amongst other bryophytes, varying from bright 
green to chestnut-brown, usually c. 1 mm wide. Stems rigid, with branching of 3 types; terminal Frullania- 
type: giving rise to apparent dichotomies (the dorsal half of the lateral leaf is usually situated in the fork of 
the ‘dichotomy’); terminal Acromastigum-type: giving rise to ventral, flagelliform branches (the incomplete 
and undivided underleaf is situated basally, to one side of the branch); intercalary branches from the ventral 
merophyte giving rise to sexual branches (branch is located in the axis of an otherwise normally shaped 
underleaf) - intercalary branches may also give rise to normal leafy shoots, especially when the apex of the 
plant has been damaged; branches usually arising from one side of the axis, homodromous, branch shoots 
usually subequal to parent shoot in vigour, widely spreading (rarely more than 90° to each other); ventral 
flagelliform shoots with reduced leaves common, flagelliform shoots sometimes becoming leafy especially 
beyond point of attachment to substrate. Stem anatomy simple, cells showing some differentiation into 
cortical and medullar layers; cortical cells in one layer, larger in diameter than medullar cells and forming 

an hyalodermis, usually in 4 dorsilateral and 3 ventral longitudinal rows (derived from the 2 lateral rows of 
segments and the ventral row respectively; Evans 1934); cell walls ± uniformly thickened or with the outer 
tangential walls distinctly thickened; medullar cells much smaller, walls thinner than in cortical cells but 
distinctly thick walled in certain species. Rhizoids usually sparse on leafy branches, from bases of underleaves, 
more frequent at bases of reduced leaves and underleaves of flagella but rarely common, simple or branched 
at the tips, also developing from the basal cells of fertilised female branches. Leaves usually clearly incubously 
inserted and oriented, more or less transversely inserted in some species, alternate or rarely subopposite, the 
line of insertion straight to rarely acroscopically curved at its upper end; imbricate or somewhat distant, often 
slightly convex with deflexed apex bidentate, bifid (or rarely entire), ventral lobe usually somewhat larger; leaf 

margins entire, minutely crenulate or with multicellular teeth; scale-like leaves of the flagelliform branches 
smaller than the underleaves, transversely attached, usually bifid (or simple). Cells of leaves usually regularly 
quadrate to hexagonal, subisodiametric; cells toward base of leaf usually distinctly larger than dorsal ones, 
sometimes vittate, vitta extending upward from the base, close to the ventral margin, merging into adjacent 
tissues, often very indistinct; with bounding walls ± strongly thickened; thickenings also developed in the 
vertical walls, sometimes forming distinct trigones, separated by ± evident pits, trigones frequently coalescing; 
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Fig. 1. Hydrated shoots in ventral view and dried specimens in dorsal view (except A. mooreanum) for Australasian 

Acromastigum. A, B, A. cavifolium (HO310141); C, D, A. verticale (H0571177); E, F, A. tenax (Brown 12/321); 

G, H, A. mooreanum (HO409665). 



254 Telopea 17: 195-237, 2014 Brown and Renner 

Fig. 1. cont. Hydrated shoots in ventral view and dried specimens in dorsal view; I, J, A. anisostomum (NSW745732); 

K, L,A. interstisiale (HO571028); M, N, A. furcatifolium (NSW299597); O, P, A. fumosum (H0443755). 



Acromastigum in Australia Telopea 17: 195-237, 2014 255 

Fig. 1. cont. Hydrated shoots in ventral view and dried specimens in dorsal view; Q, R, A. marginatum (NSW745727) 

S, T, A. exiguum (NSW761322); U, V, A. echinatiforme (NSW896971); W, X, A. cunninghamii (NSW745790). 
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Fig. 1. cont. Hydrated shoots in ventral view and dried specimens in dorsal view; Y, Z, A. prismaticale (NSW365325) 

AA, AB, A. colensoanum (NSW262574); AC, AD, A. divaricatum (HO501795). 
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outer cell walls uniformly thickened or sometimes more strongly thickened in the middle, thus forming a 
projecting tubercle; cuticle smooth to minutely verruculose or striolate-verruculose. Underleaves large, 
transversely inserted, distant to slightly imbricate, apex 3-lobed or rounded to truncate or slightly emarginate; 
hyaline papillae present at apices of lobes, degenerating with age. Asexual reproduction by means of caducous 
leaves and underleaves in some species. 

Dioicous, often sterile and rarely with sporophytes. Sexual branches ventral-intercalary, short, from the axis of 
underleaves, lacking vegetative leaves, not proliferating or with innovations. Androecia small, compact, spicate; 
bracts and bracteoles delicate, cell walls thin or only slightly thickened; bracts saccate, with strongly arched 
keel, connivent margins, apex bifid or bidentate; bracteole convex but not saccate, apex bifid or undivided 
(according to the condition found in the vegetative leaves). Gynoecia with bracts and bracteoles similar, 
imbricate, the innermost largest; bracts broadly ovate to lanceolate-ovate, apex variously laciniate or laciniate- 
ciliate (less so on outer bracts), with two main laciniae or divisions present in species with bifid leaves; cell 
walls slightly thickened (less so than in vegetative leaves). Perianth elongate, sub fusiform-trigonous, terete 
below and cylindrical, trigonous above, gradually narrowed toward the mouth, unistratose above but often 
pluristratose below; mouth 3-lobed, the lobes variously laciniate or laciniate-ciliate, contracted; perigynium 
lacking. Sporophytes with seta usually consisting of c. 8 large epidermal cell rows and a medulla of smaller, 
more numerous rows of cells (c. 16). Capsule oblong-ovoid; walls usually 4-6-stratose; epidermal layer of 
relatively large rectangulate cells with longitudinal walls bearing coarse nodular, radial thickenings; innermost 
layer with transverse semiannular bands restricted to the inner tangential walls (or extending across inner 
tangential and both radial walls). Elaters slender, elongate, bispiral. Spores unicellular, green. 

Type: Acromastigum integrifolium (Aust.) Evans 

The genus Acromastigum is sister to the cosmopolitan and species-rich genus Bazzania S.F. Gray corr. Carr. 
(Cooper et al. 2011). The genus differs from Bazzania chiefly in the presence of Acromastigum-type branching 
and in morphological features of the stem i.e. the cortical cells in Bazzania are somewhat larger than the 
medullar ones but do not form a distinct hyalodermis and the number of longitudinal rows is indefinite but 
always more than seven. The species of Bazzania with tridentate leaves have no analogues in Acromastigum, 
and in species of Bazzania with bilobed leaves the lobes tend to be subequal in size. The scale-like leaves on 
the flagelliform branches are rarely bifid in Bazzania whereas this is the normal condition in Acromastigum. 

Key to Acromastigum species of Australia and New Zealand 

Diagnostic images for all species are presented in Figure 1. Species descriptions follow the order of presentation 
in the key. Scanning Electron Micrographs (SEMs) of leaf cell surfaces are presented in Figure 2 as a guide to 
surface ornamentation described in the key. In this figure some cell walls have been deformed during the 
alcohol-dehydration used to prepare samples. This may have obscured ornamentation that seems visible 
under light microscope, particularly on the dorsal surface of A. interstisiale. However, the SEMs do illustrate 
that the leaf surface of Acromastigum are often associated with various fungi, bacteria, diatoms, and other 
protists. This should be borne in mind when examining leaf surfaces for ornamentation. Species that occur in 
New Zealand but not Australia (e.g. A. cunninghamii) are also included to facilitate their recognition should 
they be collected in Australia. 

1. Shoots isophyllous or subisophyllous. Leaves obscurely bilobed or unlobed . 2 

1. Shoots anisophyllous. Leaves bilobed, sometimes lobing indistinct (as in A. exiguum and A. marginatum) 
. 3 

2. Shoots creeping over substrate, isophyllous, leaves and underleaves unlobed and symmetric, plants 
epiphytic or lithophytic. A. cavifolium (Figs 1A, B) 

2. Shoots erect, subisophyllous, leaves and underleaves obscurely bilobed and asymmetric, plants terrestrial, 
typically in wet sites. A. verticale (Figs 1C, D) 

3. Plants tiny, orange-green to golden shoots c. 0.3 mm wide, leaves inconspicuous, imbricate and appressed 
to stem. Stem relatively large, c. 1/3 the shoot width. Underleaves unlobed to obscurely trilobed with lobes 
up to two cells high and two or three cells wide at base. A. tenax (Figs IE, F) 

3. Plants larger generally 0.5-1.9 mm wide though sometimes more, pale green, mid-green, yellow green, 
glaucous, or golden brown to brown often with a black pigmented stem, leaves conspicuous, remote to 
imbricate, widely spreading to appressed. Stem not so relatively large, usually less than a quarter of the 
shoot width. Underleaves distinctly or obscurely trilobed (as in A. furcatifolium and A. interstisiale), lobes 
more than two cells high and two or more cells wide at base . 4 
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4. Plants brown pigmented. Stems brown or black. Branching infrequent and pseudodichotomous or not 
in which case the parent shoot is initially outwardly displaced by the branch but recovers its original 
trajectory. Antical leaf-lobe shorter than postical. 5 

4. Plants yellow or green pigmentated (brownish in older shoot sectors of A. echinatiforme but stems 
yellow in this species). Stems yellow green or green, not brown pigmented or black. Branching frequent. 
Branching frequent and pseudodichotomous. Antical leaf lobe more or less equal in length to postical 
(though shorter in A. exiguum, A. marginatum and A. prismaticale) . 9 

5. Leaves obliquely spreading. Postical half of insertion almost transverse. Leaves imbricate, closely set and 
overlapping. Mature stem sectors black . 6 

5. Leaves laterally spreading. Postical half of insertion longitudinal. Leaves contiguous to imbricate, but not 
close set and overlapping. Mature stem sectors dark brown. 7 

6. Dorsal leaf margin ampliate. Ventral lobe scythe-like, up to 1 mm long, curved outward in dry plants. 
Vitta conspicuous, separated from ventral leaf margin by 1 cell row, extending into ventral leaf lobe 
which is 2 or 3 cells wide at base. A. mooreanum (Figs 1 G, H) 

6 Dorsal leaf margin not ampliate. Ventral lobe acuminate to obtuse, much shorter than 1 mm, not curved 
outward in dry plants. Vitta separated from leaf margin by 2-3 cells, extending into ventral leaf lobe or 
not, ventral leaf more than 2 cells wide at base. A. anisostomum (Figs 11, J) 

7. Cell walls in vitta with trigones consistently bulging, separation between vitta and adjacent smaller cells 
sharp. Leaf disc 5-8 tiers of cells high to sinus apex (along vitta). Ornamentation on leaf surface (viewed 
with light microscope) of dense but indistinct papillae. A. interstisiale (Figs 1 K, L) 

7. Cell walls in vitta with trigones bulging or not, vitta and adjacent smaller cells not sharply differentiated. 
Leaf disc 6-10 tiers of cells high to sinus apex (along vitta). Ornamentation on leaf surface (viewed with 
light microscope) indistinct, or if distinct (as in A. furcatifolium) the leaf-lobes widely spreading . 8 

8. Shoots to 0.7 mm wide. Leaf lobes widely divergent, sinus gaping. Leaf disc 6-8 tiers of cells high to sinus 
apex. A. furcatifolium (Figs 1 M, N) 

8. Shoots to 2.0 mm wide. Leaf lobes spreading or convergent, not widely divergent. Leaf disc 9-10 tiers of 
cells high to sinus apex. A. fumosum (Figs 1 O, P) 

9. Leaves ovate, postical margin with continuously curved outline, weakly bifid or entire . 10 

9. Leaves quadrate to rectangular, postical margin straight or irregular, bifid. 11 

10. Marginal cell wall of leaf much thicker than internal walls, up to (5)-7-12 pm wide, continuous around 
leaf margin. A. marginatum (Figs 1 Q, R) 

10. Marginal cell wall not thicker than internal walls, up to l-3-(5) pm wide. A. exiguum (Figs 1 S, T) 

11. Underleaf width equal to or less than stem; plants with or without a distinct vitta; south eastern 
Rainforests in New South Wales, and Victoria; and Tasmania and New Zealand. 12 

11. Underleaves wider than stem; plants without a distinct vitta; Wet Tropics Bioregion Rainforests, 
Queensland . A. echinatiforme (Figs 1 U, V) 

12. Vitta distinct, extending into ventral leaf lobe . 13 

12. Vitta indistinct or absent, not extending into the ventral leaf lobe . 14 

13. Leaves remote to contiguous, plane, spreading. Postical lobe displaced toward antical lobe in plane with 
disc, sinus frequently narrow, leaf resembling a flat crab claw. A. cunninghamii (Figs 1 W, X) 

13. Leaves imbricate, concave, obliquely patent. Postical lobe curved ventrally, not in plane with disc, sinus 
wide, leaf not really resembling a crab claw. A. prismaticale (Figs 1 Y, Z) 

14. Shoots up to 1.8 mm in width. Stems typically with more than seven rows of cortical cells. 
. A. colensoanum (Figs 1 TLA, AB) 

14. Shoots typically 0.7 mm in width. Stems with seven rows of cortical cells . 
. A. divaricatum (Figs 1 AC, AD) 
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Fig. 2. Scanning Electron Microscope images of leaf surfaces for Australasian Acromastigum. A. cavifolium (HO310141) 

A, dorsal; B, ventral. A. verticale (H0571177) C, dorsal; D, ventral. A. ten ax (Brown 12/321) E, dorsal; F, ventral; G, apex. 

A. mooreanum (HO409665) H, apex; I, dorsal; J, ventral. A. interstisiale (HO571028) K, apex; M, dorsal; N, ventral. 

A. furcatifolium (NSW299597) L, apex; O, dorsal; P, ventral. A. fumosum (H0443755) Q, dorsal; R, ventral; S, apex. 

A. anisostomum (NSW745732) T, apex; W, dorsal; X, ventral. A. exiguum (NSW761322) U, dorsal; V, ventral; A. echinatiforme 

(NSW896971) Y, dorsal; Z, ventral. A. prismaticale (NSW365325) AA, dorsal; AB, ventral. A. colensoanum (NSW262574) 

AC, dorsal; DC, ventral; A. divaricatum (HO501795) AE, dorsal; AF, ventral. 
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Acromastigum cavifolium R.M.Schust. Journal of the Hattori Botanical Laboratory 26: 257 (1963). Fig. 3. 

Type: New Zealand, Stewart Island, crest of Tin Range, 5-6 miles NE of Port Pegasus, 14 Jan 1962, R.M. 
Schuster 53119 (holotype: F; isotype: JE) 

Acromastigum integrifolium sensu E.A.Hodgs. Transactions of the Royal Society of New Zealand 82: 18 (1954), 
non A. integrifolium (Austin) A.Evans 

Usually in small tuffs or patches, shoot tips bright yellow-green, older sectors tinged brown; erect to slightly 
arching; shoots 1.0-1.5 mm wide. Stems slender, filiform, wiry, mostly to 35 mm long by 325-380 pm in 
diam., c. 7 or 8 cells in diam.; cortical cells c. 1.5-2.5 X as long as wide, 80-130 pm long, 45-60 pm wide, 
35-55 pm diam. and in 13-15 rows rather than the normal 7; medullar cells more elongate, c. 2.5-5.5 x as 
long as wide, 105-180 pm long, 30-45 pm wide, 14-30 pm in diam. (tapering somewhat at either end); both 
cortical and medullar cells thick walled, outer tangential surface of cortical cells usually thicker i.e. to 8 pm 
thick. Branches lateral, rather infrequent and distant, diverging at an angle of 50-70°; flagella sporadic (and 
occasionally intercalary). Rhizoids scarce. Leaves inserted on a nearly straight line, imbricate, slightly convex, 
usually rather widely spreading to squarrose (especially when dry), entire, ovate, ± symmetrical, 560-730 pm 
long x 500-585 pm wide, widest just above the slightly narrowed base; central region of leaf with slightly larger 
cells, forming an indistinct band 4 or 5 cells wide at base, tapering to 1 or 2 cells at apex; apex subacute to almost 
rounded. Cells of mid-leaf 40-75 x 25-40 pm, becoming smaller towards the margins, intermediate cells 
25-50 X 25-35 pm, marginal cells 15-25 x 20-45 pm, subquadrate at margin to rectangular; trigones strong, 
often bulging and coalescing, margin of leaf thick walled; oil-bodies not observed; cuticle smooth. Underleaves 
imbricate, insertion transverse but sometimes the lateral margins slightly decurrent, somewhat spreading to 
almost squarrose, large (c. 3A size of lateral leaves), 1.2-1.7 x as wide as stem, suborbicular, 270-545 pm 
long, 335-465 pm wide, not auriculate at base; apex truncate, subentire to emarginate, sinuses vestigal, lobes 
rounded. Asexual reproduction not observed. Androecial branches slightly stalked (c. 100 pm), sometimes 
developed in abundance; bracts very slightly bifid (<V2o) or entire, deeply saccate, rounded to bluntly acute, 
1-androus, c. 440-490 pm long, 400-545 pm wide; bracteoles slightly emarginate (with papilla), ovate, 
295-360 pm long, 280-360 pm wide. Gynoecia produced on short branches. Bracts and bracteoles similar, in 
several series, innermost largest, larger ones usually bisbifid, central sinus acute (30-40°) and split V3-V2 length 
of bract, secondary lobes much smaller (c1/ length of bract), ovate, margins with scattered 1- or 2-celled 
laciniae and papillae; cells rectangular to almost isodiametric, length:width ratio 1.2-4.8, corners rounded 
by small trigones; oil-bodies in scattered patches towards apex, 1-3 per cell, ± botryoidal, 2-5 pm diam., 
clear. Perianth c. 4 mm long when fully developed, slenderly ovoid-cylindrical, narrowed at mouth, 1-stratose 
throughout, cells rectangular to elongate-rectangular, length:width ratio 1.2-5.5, thick-walled, trigones present 
in mid and basal regions, tangential walls thickened in upper regions and up to 10 pm thick; oil-bodies present, 
particularly in mid-region of perianth, 1-4 per cell, spherical, 4-5 pm diam., clear. Sporophyte; seta with 

12-14 rows of large, hyaline epidermal cells filled with numerous tiny oil-bodies (which may give the cells a 
dark appearance in transverse section) surrounding 15-18 rows of smaller interior cells; capsule inner layer 

with nodular thickenings and occasionally semiannular bands; epidermal layer similar. Spores 13-16 pm diam. 

Variation: Individuals of Acromastigum cavifolium exhibit some variation in shoot stature and the size of 
associated leaves and underleaves. The only inter-individual variation observed during this study was in plant 
colour, which varies from golden-brown to green; apparently in association with sun exposure. 

Distribution and ecology: A. cavifolium is found in Australia (Tasmania) and New Zealand (North and South 
Islands) and, like most Acromastigum species, is widespread but infrequently collected. Jarman describes 
Tasmanian A. cavifolium as an understorey epiphyte (Jarman and Fuhrer 1995) but the species has also been 
collected from damp soil and humus in seepage zones receiving a moderate amount of light (NSW285475); 
a microsite more typical of A. verticale. 

In New Zealand A. cavifolium is almost always encountered as an epiphyte in cool hyperhumid forests where 
it inhabits bark of a wide range of species, including Agathis australis, Manoao colensoi, Olearia colensoii and 
beech species including Nothofagus cliffortioides and N. menziesii. It can be found growing with an equally 
diverse array of bryophytes including Brevianthus flavus, Lepicolea attenuata, Radula multiamentula, Acrochila 
biserialis, Acroscyphella phoenicorhiza, and species of Chiloscyphus, Trichocolea, Telaranea, Lepidozia, Bazzania, 
as well as with the fern Hymenophyllum armstrongii. 

Recognition: The isophyllous shoots with nearly entire, triangular, concave leaves and underleaves in 
combination with the production of ventral flagelliform branches are distinctive within the Australasian 

bryophyte flora. Acromastigum cavifolium could only be confused with A. verticale, but the two species differ 
in microhabitat, shoot orientation, and leaf and underleaf shape. Generally Acromastigum cavifolium is an 
epiphyte or lithophyte whose isophyllous shoots grow horizontally along the substrate. Acromastigum verticale 
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Fig. 3. Acromastigum cavifolium. A, shoot showing male branches. B, Basal leaf-cells. C, Female bract. D, Marginal leaf 

cells. E, Female bracteole. F, Apex of female bract lobe. G, Cellular detail of perianth mouth. H, Capsule epidermal layer. 

I, Capsule inner layer. J, Seta transverse section. Scale (approximate) A, 300 pm; B, D, F-H, I, J: 50 pm; C, E, 120 pm. From 

Jarman 89/13 (HO). 
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is a terrestrial whose subisophyllous shoots grow erect from the substrate. Other characters by which the two 
species can be separated are presented in the key above. 

Representative specimens examined: Australia: Tasmania, Central Highlands (Orchard): Mt. Kate, 41°37'S 145°58'E, 

1120 m, 15 Apr 1996, A. Moscal 28233A (HO571027); South West: Anthony Road, 41°50.5’S 145°37'E, 550 m, 13 Nov 1992, 

/. Jarmans.n. (H0547163); Track of road to White Spur Dam, 41°53'S 145°31'E,600m,24 Jan 1992,/. Jarmans.n. (HO310141); 

Scotts Peak Road, 42°49'S 146°23'E, 590 m, 19 Oct 2013,/. Jarman s.n. (HO571170); Mt Sprent, 42°47'S 145°58’E, 850 m, 

5Feb 1987,/. Jarmans.n. (H0571182); Schnell’s Ridge, south of Mt Anne, 43°02'S 146°25'E, 14 Jan 1978,A.V. Ratkowsky H834 

(H049566). 

New Zealand: North Island: Auckland: Coromandel Ranges, Mt Moehau, E from trig, 36°32'17"S 175°24'59"E, 640 m, 

3 Nov 1980, E.K. Cameron s.n. (AK323763); Coromandel Ranges, ridge SW of Mt Rowe along track to Mt Rowe, 37°2'16"S 

175°40'19"E, 720 m, 26 Jun 2007, M.A.M. Renner 2833 (AK300167); South Island, Western Nelson: Stockton mine area, Webb 

Stream, a tributary of Waimangaroa River, 41°40'12"S 171°52'53"E, 700 m, 5 Dec 2006, J.E. Braggins 06/243A (AK301604); 

J.E. Braggins 06/246A (AK301817); Upper Deep Stream, 41°42'33"S 171°50'23"E, 913 m, 6 Dec 2006, J.E. Braggins 06/277A 

(AK302280); Westland: Craigieburn, Craigieburn Road East, 42°14'S 171°38'E, 190 m, 28 Mar 2001, M.A.M. Renner 200 

(AK286367). 

Acromastigum verticale (Steph.) E.A.Hodgs. Transactions of the Royal Society of New Zealand 82:18 (1954). Fig. 4 

Bazzania verticalis Steph. Hedwigia 32:214 (1893). 

Mastigohryum verticale Steph. Species Hepaticarum 3: 449. (1908). 

Type: New Zealand, Great Barrier Island, without date, Kirk 373 (G). 

Usually in small tuffs or patches or growing intermixed with other bryophytes, colouring probably similar to that 
of A. cavifolium, dried plants light golden brown to dark brown in older shoots; mature leafy shoots 0.9-1.6 mm 
wide. Stems slender, filiform, wiry, mostly to 20 mm long x 280-380 pm in diam., c. 7-9 cells in diam.; cortical 
cells c. 0.9-2.4 x as long as wide, 45-140 pm long, 45-60 pm wide, 33-75 pm in diam. and in 12 or 13 rows; 
medullar cells more elongate, c. 2.5-8.0 x as long as wide, 95-205 pm long, 25-45 pm wide, 20-40 pm diam. 
(ends usually slightly tapered to almost square); both cortical and medullar cells thick walled, outer tangential 
surface of cortical cells usually thicker i.e. 6-8 pm thick. Branches infrequent, postical or occasionally lateral 
(diverging at an angle of 50-70°); flagella sporadic to frequent (1-2 mm apart) and occasionally intercalary. 
Rhizoids scarce. Leaves inserted by a nearly straight line, imbricate, slightly convex to almost cucullate, usually 
rather widely spreading to squarrose (especially when dry) and not appearing particularly imbricate, entire 
or sometimes with a minute blunt tooth near apex, ovate, almost symmetrical to slightly falcate, often slightly 
obpyriform, 680-985 pm long x 405-775 pm wide, widest just above the slightly to distinctly auriculate base; 
central 4-6 rows of cells somewhat larger, reducing in size towards margins, tapering to 1-2 cells at apex; apex bluntly 
acute, often minutely toothed. Cells of central region 40-75 x 25-35 pm, intermediate cells 30-45 x 25-45 pm, 
marginal cells 15-30 x 25-40 pm, subquadrate to rectangular at margins to elongate hexagonal centrally; trigones 
strong, often bulging and sometimes coalescing, margin of leaf thick walled (to 8 pm); oil-bodies not observed; 
cuticle smooth. Underleaves imbricate, insertion transverse but lateral margins sometimes very slightly decurrent, 
spreading to almost squarrose (thus not appearing imbricate), large (c. Vi-A size of lateral leaves), suborbicular 
to widely ovate, 335-600 pm long, 400-665 pm wide, subcordate at base; apex emarginate with sinus vestigal and 
lobes rounded or more rarely entire and rounded. Asexual reproduction not observed. Androecial branches sessile, 
each stem apparently only producing one per season (with 4 to 5 pairs of androecia); bracts very slightly bifid to 
simply lobed or toothed, saccate, bluntly acute, 1-androus, c. 350-400 pm long, 335-440 pm wide; bracteoles very 
slightly emarginate to rounded (with papillae), ovate to elliptic, 150-200 pm long, 145-160 pm wide. 

Gynoecia produced on postical branches, sporadic. Bracts and bracteoles similar, in several series, innermost 
largest, largest ones usually bifid (with toothing that suggests may be bisbifid in some specimens), central sinus 
acute and split c. Yio length of bract, ovate to elliptic, with occasional 1-several celled teeth in upper portion of 
bract and papillae; cells ± rectangular to elongate-rectangular (some cells with tapered end walls), length:width 
ratio 1.5-7.3, scattered cells with moderately distinct trigones but most with walls only marginally thicker in 
corners: oil-bodies not known. Perianth c. 4 mm long when fully developed, slenderly ovoid-cylindrical, narrowed 
at mouth, 1-stratose throughout, cells ± elongate-rectangular, length:width ratio 1.7-3.5, thin-walled basally to 
thick-walled apically, small trigones present in mid and basal regions, inner tangential walls slightly thicker than 
radial walls and outer tangential distinctly thicker (to 10 pm thick); oil-bodies not known. 

Sporophyte seta with 8 rows of large, hyaline epidermal cells (probably filled with numerous tiny oil-bodies) 
surrounding 16 rows of smaller interior cells; capsule walls 2 to 3 stratose. Inner layer of capsule with nodular 

thickenings and occasionally semiannular bands. Elaters c. 12 pm diam. Spores c. 12-14 pm diam. 

Variation: No significant variation among individuals was noted. 
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Fig. 4. Acromastigum verticale. A-B, Leaf outlines. C, Oblique view of shoot. D, Underleaf cellular detail. E, Underleaf 

outline. F, Leaf cellular detail. G, Transverse section of capsule wall. H, Leaf marginal cells. I, Leaf medial cells. J, Capsule 

epidermal layer. K, Stem transverse section. Scale (approximate) A, B, E, 800 pm; C, 2000 pm (larger); D, F, 500 pm; 

G-K, 100 pm. 
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Distribution and ecology: Australia (Tasmania) and New Zealand (South Island). On stream banks, on soil and 
rock within streams, and in moist depressions, typically in exposed situations associated with alpine scrub and 
shrublands. 

Recognition: Acromastigum verticale can be recognised by the combination of erect growth habit, subisophyllous 
shoots with inconspicuously lobed leaves having an asymmetrical outline, and occupancy of terrestrial microsites. 
For additional characters differentiating A. verticale from the similar A. cavifolium, see couplet 2 in the key above. 

Representative specimens examined: Australia: Tasmania: South West: Mt Sprent, 42°47'S 145°58'E, 600 m, 31 Jan 1987, 

/. Jarman s.n. (H0571177). 

New Zealand: South Island: Western Nelson: Stockton Mine Area, A.J. Stream, tributary of Mangatini Stream, east 

of Burma Road, c. 2 km N of Mt Stockton, 41°38’S 171°55'E, 420 m, 5 Dec 2006, J.E. Braggins 06/260C (AK301930); 

J.E. Braggins 06/267B (AK301958); Rakiura (Stewart Island): near Pegasus Creek, 0.8-2.4 miles above junction with 

Pegasus Harbour, 15-70 m, 9-11 Jan 1962, R.M. Schuster 59669 (F). 

Acromastigum tenax (Steph.) A.Evans Annales Bryologies supplement 3: 41 (1934). Fig. 5. 

Mastigobryum tenax Steph. Species Hepaticarum 6: 483 (1924). 

Type: New Caledonia. “Lerat legit” (syntypes: G00043635, G00282570, G00282571, G00282572, PC0101826, 
PC0150628). Lectotypification of this species is required. 

Forming small to moderate colonies, plants golden-green with lighter tips (drying bronze green); loosely adherent 
to substrate, attached primarily by geotropic stolons which grow into the substrate matrix; mature leafy shoots 
to 0.4 mm wide. Stems slender, 100-120 pm and c. 4 or 5 cells in diam.; cortical cells 1-2 x as long as wide, 
25-60 pm long, 24-30 pm wide, c. 20-30 pm tangentially, free external wall heavily thickened up to 13 mm thick, 
radial walls moderately thick-walled with c. 3 pm thick, walls yellow-brown pigmented; medullar cells smaller 
diameter than cortical, walls yellow brown pigmented. Lateral Frullania-tyipe branches, frequent, diverging at 
an angle of c. 80°; ventral Acromastigum-type branches produced at equal frequency, typically one per shoot 
between lateral branches. Rhizoids scarce. Leaves 140-180 pm long x 100-130 pm wide, broadly elliptic to 
slightly ovate, clearly incubously inserted on an oblique line to centre of stem, imbricate, convex, equally bilobed, 
lobes triangular, ventral lobe 50-70 pm long, 45-60 pm (3 or 4 cells) wide at base; dorsal lobe 45-70 pm long, 

Fig. 5. Acromastigum tenax. A, Shoot dorsal view (scale bar 600 pm). B, Shoot ventral view. C, Two leaf outlines. 

D, Underleaf cellular detail. E-F, Two leaves showing cellular detail. G-H, Stem transverse sections. Scale (approximate) 

A, B, 250 pm; C, 100 pm; D-H, 50 pm. From E.A. Brown 12/321 (NSW). 
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45-60 pm (4-6 cells) wide, apices obtuse, postical lobe apex sometimes rounded, sinus V-shaped, lobes swept 
forward toward shoot apex; Vitta indistinct, consisting of three irregular tiers of larger cells in the postical half 
of the leaf, running from the base into the postical lobe, cells progressively smaller from base to lobe apex, to 
30 x 20 pm wide at base. Cells of antical half of leaf progressively smaller toward margin, where 4-8 x 4-8 pm, 
median cells 8-12 x 8-12 pm, subquadrate to rectangular, walls c. 2 pm thick including free external margin; 

oil-bodies not known; cuticle papillose, particularly toward lobe apices. Underleaves scarcely distant; insertion 
transverse, appressed, small (c. 0.25 size of lateral leaves), equal to or narrower than stem width; depressed ovate, 
50-60 pm long, 80-105 pm wide, 3-lobed to entire, sinuses shallow and indistinct; apices of lobes truncate to 
rounded or sometimes slighdy emarginate; lobes up to 2 cells long and 2 or 3 cells wide. Asexual reproduction not 
observed as Gynoecia and androecia not observed. 

Variation: The degree to which underleaves are lobed is variable within and between individuals of A. tenax. The 
Australian specimen usually has distinctly three-lobed underleaves, whose lobes are 2 cell tiers high, and two or 
three wide at the base. However, it also produces underleaves whose lobing is indistinct, and rarely underleaves 
that are truncate with only two shallow indentations. In New Caledonian specimens examined, distinctly trifid 
underleaves are rare, most being unlobed or having indentations. Similar variation was observed by Evans in 
the type: ‘The most typically developed underleaves... have two narrow and acute sinus at the apex, separating 
three low crenations less than two cells high, which are obtuse, rounded, or subtruncate. These crenations, 
which represent the divisions of species with trifid underleaves, are tipped with two cells side by side or more 
rarely a single cell’ Evans (1934, p.43). Evans also noted that ‘Underleaves of A. tenax are of unusual interest 
because they serve to bridge the gap between the trifid underleaves of typical Inaequilatera and the undivided 
underleaves of Exilia (Evans 1934 p. 45). At the time of its publication A. tenax was known only from the type 
material. Additional specimens from New Caledonia and Australia extend the spectrum of variation in underleaf 
morphology exhibited by the species to include tri-lobed underleaves. 

Distribution and ecology: New Caledonia and Australia. In Australia currendy known from a single gathering 
made in the Wet Tropics Bioregion of north-east Queensland, at around 1000 m elevation. 

Recognition: Acromastigum tenax is, within the Australian flora, readily recognised by its small size, small closely 
appressed and imbricate subequally lobed leaves, golden-brown colour, entire to shallowly lobed underleaves, and 
the relatively robust stems c. one third the shoot width. The underleaves are subrectangular to almost reniform, 
convex, and variously lobed, from distinctly trilobed with lobes two tiers high to entire. The vitta is indistinct, of 
three irregular tiers of larger cells in the postical leaf base. 

Remarks: Acromastigum tenax was distinguished from A. aurescens by its undivided underleaves, as opposed to 
trifid underleaves by Evans (1934). However, only a single specimen of A. tenax was known to Evans at the time of 
his study. Subsequent collections from New Caledonia show a greater diversity of underleaf morphology than he 
was able to document, and undivided as well as distinctly trifid underleaves maybe found within single plants, for 
example NSW611516. The underleaf character in Evans’ key is, therefore, insufficient for separating A. aurescens 
and A. tenax. Other characters associated with underleaf shape, leaf shape, imbrication and orientation all provide 
better circumscription of two morphological groups. On the basis of these characters, Australian plants fit 
A. tenax. 

Determinations by Kitagawa on syntype specimens suggest the ‘original’ material of A. tenax is a mixed gathering 
of A. tenax and A. adaptatum; lectotypification of A. tenax is therefore required. 

Representative specimens examined: Australia: Queensland: Cook: track to Devils Thumb, 16°23'S 145°17'E, 1120 m, 

28 Mar 2012, E.A. Brown 12/321, V.C. Linis &M.A.M. Renner (NSW). 

New Caledonia: Province Sud: Creek Pernod, valley to SW of creek, southern most of three unburnt valleys, 22°12’27"S 

166°50’24"E, 4 Nov 2003, E.A. Brown 03/155, D.M. Crayn & C.J. Quinn (F, NOU, NSW611516). 

Acromastigum mooreanum (Steph.) E.A.Hodgs. Transactions of the Royal Society of New Zealand 82: 19 (1954) 
Fig. 6. 

Bazzania mooreana Steph. Hedwigia 33:1 (1894). 

Mastigobryum mooreanum Steph. Species Hepaticarum 3: 539 (1909). 

Type: Australia: Tasmania: South West: Jones Walk, North Sprent River, 600 feet, 1893, J.B. Moore s.n., comm. 
F von Muller No. 65 (holotype: G00043634!). 

Usually forming extensive colonies or occasionally in smaller tufts, plants golden brown; ± erect with apices 
slightly curled to somewhat arching; mature leafy shoots 1.2-1.5 mm wide (c. 2 mm when leaves flattened). Stems 
slender, filiform, wiry, mostly to 50 (-65) mm long (living area c. 10-15 mm) x 215-240 pm in diam., c. 6 or 7 cells 
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Fig. 6. Acromastigum mooreanum. A, Leaf apex. B, Oblique view of shoot. C, Leaf cellular detail. D, Underleaf cellular 

detail. E, Cells of antical leaf margin. F, Cells of postical leaf margin. Scale unknown. Scale (approximate) A, D, E, F, 100 

pm; B, 2000 pm; C, 250 pm. From NSW285482. 
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in diam.; cortical cells c. 1.4-3.2 x as long as wide, 70-210 pm long, 50-75 |am wide, 20-50 (am diam.; medullar 
cells more elongate, c. 2—8(—13) x as long as wide, 130-240 |am long, 20-35 |am wide, 20-35 (am diam. (end walls 
squared to slightly tapered); cortical cells with brown pigmented walls and much thicker walled than medullar 
cells, with radial walls usually 4—6(—11) pm and outer tangential 10(-26) pm Branches lateral or occasionally 
postical, infrequent or more usually every 4-7 mm near tips, diverging at an angle of 45-90°; flagella scattered, 
1 to often numerous (0.7-2.5 mm apart usually) per stem. Rhizoids scarce. Leaves inserted by an oblique line 
to centre of stem, imbricate, strongly convex and falcate, dorsally appressed to stem with the apices deflexed 
(often strongly so), 2-lobed (ventral always longer), (720-)880-1260 pm long x (290-)345-465 pm wide, widest 
just above the slightly narrowed base, dorsal base often slightly auriculate and ventral straight; distinct vitta 
present along ventral margin, 3 to 4 cells wide at base, cells reducing in size towards apex but larger cells usually 
extending into ventral lobe, marginal row of cells typically smaller but still forming part of vitta; ventral lobe 
(260-)380-580 pm long, 80-115 pm (3 cells, rarely 2 or 4) wide at base; dorsal lobe (65-) 160-195 pm long, 
(55-)80-130 pm (4 to7 cells) wide at base; lobes acute. Cells of leaf largest in Vitta’and becoming smaller towards 
the dorsal margin; vittate cells 25-70 x 25-45 pm, usually elongate hexagonal, trigones often obscuring shape 
and coalescing so cells have unevenly thickened walls; median cells 10-40 x 10-30 pm, radially or tangentially 

rectangular to ± isodiametric, c. 2 pm thick; marginal cells 10-20 x 10-25 pm, subquadrate, walls c. 2 pm thick, 
to 5 pm on margin; oil-bodies present in vitta, 1-6 per cell, globular to rarely ellipsoidal, granular, 1-10 pm long, 
1-7 pm wide, rarely 1 or 2 present in scattered median cehs; cuticle minutely papillate to striate towards apex of 
lobes. Underleaves distant, insertion ± transverse, appressed, small (c. 1/10 size of lateral leaves), as wide as or 
slightly narrower than stem, very widely depressed ovate, 100-145 pm long, 180-250 pm wide, not auriculate 
at base but often with marginal lobes or irregularities; 3-lobed, sinuses to c. 2/3 way; apices of lobes truncate, 
subentire to emarginate. Asexual reproduction not observed. Androecia, gynoecia and sporophytes not observed. 

Variation: Individuals vary in shoot stature and size of associated leaves. Although the species is fairly consistent 
in morphology across its geographic range, specimens from ‘hard’ sites can bear smaller leaves whose postical lobe 
is not fully developed. These plants have a strong resemblance to A. anisostomum, and do not appear different 
from typical individuals of that species save two features: 1) the separation of the vitta from the postical leaf 
margin by a single row of smaller cells and 2) the narrower postical lobes than is typical of A. anisostomum. 

Distribution and ecology: Australia (Tasmania) and New Zealand (South Island), common in cool hyperhumid 
environments in both countries, including forests and alpine zones. Acromastigum mooreanum is typically 
terrestrial, and may form large near-pure hummocks on raised microsites on the forest floor and at the base of 
large trees. It may also occur as a terrestrial in alpine habitats, in microsites such as seepages over soil and wet rock 
near streams. Occassionally A. mooreanum is an epiphyte, and has been collected on the trunks of Nothofagus 
cunninghamii with Bazzania, Schistochila pseudociliata and Acrobolbus cinerescens. 

Identification: Acromastigum mooreanum is a distinctive species recognisable by its relatively large size (shoots 
up to 1.5 mm wide with leaves in natural conformation), with ventrally secund leaves whose postical lobe then 
spreads laterally outward below the stem. The postical lobe is lanceolate, almost scythe-like, and is comprised 
almost entirely of vitta cells. The vitta in the leaf disc is separated from the leaf margin by a single row of smaller 
cells only. The antical leaf margin is ampliate, and stems on mature shoot sectors are black. 

Acromastigum mooreanum could be confused with A. anisostomum (here excluded from the Australian flora). 
In A. mooreanum the vitta is separated from the ventral margin by one row of smaller cells versus 2 or 3 cells in 
A. anisostomum. The vitta is 3 or 4 cells wide basally and narrows to two rows wide and continues into the ventral 
lobe, which is lanceolate in shape, often up to 1 mm long, and 2 or 3 cells wide at its base, versus 4 or 5 cells wide at 
the base of the leaf and narrows and becomes indistinct at or near the sinus between the postical and antical lobe, 
rarely if ever extending into the postical lobe in A. anisostomum. In A. anisostomum the postical lobe is triangular 
and up to seven cells wide at the base. Acromastigum mooreanum has been confused with A. interstisiale, for 
differences see the recognition section of the latter. 

Remarks: Specimens collected by Whitelegge from Lane Cove and Balls Head Bay in the Sydney region 
are unusual because A. mooreanum is otherwise known in Australia only from Tasmania. Another species, 
Lejeunea subelobata, common in Tasmania was also recorded from Balls Head Bay in Sydney by Whitelegge 
(Renner 2013). These two geographic outliers, gathered by the same collector, are probably best explained as 
mislabellings of Tasmanian material. 

Representative specimens examined: Australia: Tasmania: Central Highlands: Cradle Mt., 41°41'S 145°57'E, 
Dec 1915, L. Rodway (HO87430, H088177, H088179); West Coast: Highway B28, east of Mt Murchison, 
Quinn Creek, 41°50'S 145°37'E, 600 m, 20 Feb 1998, J.E. Braggins 98/065D (AK255757; HO); Anthony Road, 
track to Lake Selina, 41°52'29MS 145°36'42"E, 510 m, 4 Dec 1996, L.H. Cave 069 (HO320171); Sorell River, 
42°32'S 145°29'E, Feb 1900, T.B. Moore (H087434); South West: Jacks Track forest trail, Strathgordon, c. 
100 m from entrance to Lake Pedder Motel, 42°46'02"S 146°02'36"E, 7 Feb 1995, E.A. Brown 95/13 & B.M. 
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Wiecek (NSW365314); Road to Hartz Mountain, just outside boundary of National Park, 43°12'15" S 

146°47'15" E, 520 m, 11 Dec 1990, E.A. Brown 901131a (NSW277087); Clear Hill, 42°41'S 146°16'E, 1050 m, 
12 Jan 2000, /. Jarman s.n. (HO501725); South West: Southwest Conservation Area, tributary of the Serpentine 
River, north of the Mount Sprent track, c. 1 km directly east-southeast of Serpentine Dam, 42 46 52 S 145 
58 14 E, 620 m, 16 Jan 1994, E.A. Brown 94/94 & K.L. Radford (NSW285482); Mt Wedge, 42°51'S 146°18'E, 

5 Mar 1978, A.V. Ratkowsky H845 (H049568); Jubilee Range, 42°52'S 146°32’E, 920 m, 7 Jan 1985, A. Moscal 
9180B (H0570990); Howards Range, 41°54'S, 145°31’E, 590 m, 24 Jan 1992, /. Jarman s.n. (HO310142); 

Lake Skinner track, 42°57’S 146°41'E, 5 Feb 1978, A.V. Ratkowsky H839 (H049565); Lawson Range, 42°58'S 
145°41'E, 480 m, 25 Jan 1986, A. Moscal 11935 (H0443753); Southwest National Park, Mt Norold, summit, 
43°15'S 146°15'E, 970 m, 24 Feb 1994, J. Jarman s.n. (H0571168); Mt Hartz track, 43°15'S 146°46'E,Dec 1914, 
L. Rodway (H087429; Adamsons Peak Track, 43°20'S 146°52'E, 19 Feb 1978, A.V. Ratkowsky H841 (HO409664); 

South Cape Range, 43°33'S 146°39'E, 17 Mar 1983, S.J. Jarman 929 (HO74708; Catamaran, Recherche, 43°34'S 
146°53'E, 14 Jan 1911, WA. Weymouth 1216 (H087431). 

New Zealand: South Island: Western NelsomMt Augustus, 830 m, 15 Apr 2005, D. Glenny 9430, NSW745732; 
Stockton Mine Area, Ford Creek west of Burma Road, 41°40'12"S 171°52'53"E, 700 m, 4 Dec 2006, J.E. Braggins 
06/237C (AK300456); Rakiura (Stewart Island): Rakiura National Park, Rocky Mountain summit, 46°51'42"S 
167°56'48"E, 490 m, 26 Feb 2003, J.J. Engel 24326, M.J. von Konrat & J.E. Braggins (FI 173766, NSW749366); 
Rocky Mountain, 46°52'S 167°57'E, 500 m, 9 Apr 2001, M.A.M.Renner 01/163, AK255205; Rakeahua River, 

Mt Rakeahua, track to summit N of Rakeahua River, 46°56'24"S 167°52'30"E, 500 m, 1 Mar 2003, J.J. Engel 
24502, M.J. von Konrat & J.E. Braggins (NSW749373); Port Pegasus, 47°1'S 163°3'E, L. Cockayne 8283 (AK18693 
as A. anisostomum det. AW. Evans). 

Acromastigum interstisiale E.A.Br. & M.A.M.Renner sp. nov. Figs 7, 8. 

Diagnosis: Similar to A. furcatifolium but differs by its leaf margins lacking irregular obtuse projections and 
the leaf lobes not widely diverging to form a gaping sinus. Similar to A. anisostomum and A. mooreanum, but 
differs from both in its densely but obscurely papillose leaf surface; further distinguished from A. anisostomum 
by the relatively deeply divided leaves, where both antical and postical lobes are triangular and acuminate; 
and from A. mooreanum by the ventral lobe being 4-6 cells wide at the base (not 2-3) and spreading from the 
stem in plane with the leaf disc, not ventrally secund and scythe-like; and by the dorsal lobe margin not being 
ampliate. 

Type: Australia: Tasmania: South West: near start of Pedder Track, lower slopes of Sentinel Range, near road 
to Strathgordon, near rocky outcrops c. halfway up, 42°52T5"S 146°12'22"E, 7 Feb 1995, E.A. Brown 95/04 & 
B.M. Weicek (holotype: NSW365295; isotypes: AK, CANB, HO). 

Often forming extensive colonies or in smaller tufts, plants golden brown; ± erect with apices slightly 
curled to somewhat arching; mature leafy shoots 0.6-0.8 mm wide (c. 1.2 mm when leaves flattened). 
Stems slender, filiform, wiry, mostly to 25(-45) mmlong X 240-250 pm diam., c. 6 or 7 cells in diam.; cortical cells 
c. 1.2-2.6 x longer than wide, 55-175pm long, 40-70 pm wide, 30-65 pm diam.; medullar cells more elongate, 
c. 7 X as long as wide, 175-210 pm long, 25-30 pm wide, 15-30 pm diam. (end walls squared to slightly 
tapered); cortical cells with brown pigmented walls and much thicker walled than medullar cells with radial 
walls to 12 pm and outer tangential to 28 pm (<5 pm in places). Branches lateral or occasionally postical, 
infrequent or more usually every 2-3 mm near tips, diverging at an angle of 60-70°; flagella scattered, 1 to 
several per stem. Rhizoids scarce. Leaves inserted by an oblique line to centre of stem, distant (particularly near 
base of plant) to somewhat imbricate, strongly convex and falcate, dorsally appressed to stem with the apices 
deflexed (often strongly so), 2-lobed (ventral always longer), 455-600 pm long x 325-345 pm wide, widest just 
above the slightly narrowed base, dorsal base often slightly auriculate and ventral often bulging slightly; vitta 
present 1 to 2(or 3) cells in from ventral margin, 4-6 cells wide at base and usually indistinguishable at sinus; 
ventral lobe 175-275 pm long, 85-105 pm (4 cells) wide at base; dorsal lobe 100-115 pm long, 80-100 pm 
(4 to 6 cells) wide at base; lobes acute. Cells of leaf largest in vitta and becoming smaller towards the margins; 
vittate cells 35-55 x 30-45 pm, quadrate, trigones bulging; median cells 20-35 x 10-25 pm; marginal cells 
10-20 x 10-15 pm, subquadrate, thick walled, often 4 or 5 cells deep at dorsal base; oil-bodies not seen; cuticle 
densely papillose, to 6 pm thick at margins. Underleaves distant, insertion ± transverse, appressed, small 
(c. 1A size of lateral leaves), as wide as or slightly narrower than stem, very widely ovate, 95-155 pm long, 
160-240 pm wide, not auriculate at base but often with marginal lobes or irregularities; 3-lobed, sinuses to 
c. Vi way; apices of lobes truncate, subentire to emarginate. Asexual reproduction not observed. 

Androecial branches tiny, inconspicuous, rarely more than 1 or 2 per stem; bracts bifid 2A5-V2 length, 
1-androus, deeply saccate, c. 200-290 pm long and 185-295 pm wide, lobes acute; bracteoles ovate, 
c. 90-150 pm long and 55-90 pm wide, acute to ± truncate (with papilla). Gynoecia uncommon. Bracts and 
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Fig. 7. Acromastigum interstisiale. A-B, Underleaves cellular detail. C-D, Leaves cellular detail. E, Lateral-oblique view of 

shoot. F-J, Leaf outlines. Scale (approximate) A-D, 100 pm; E, 2000 pm; F-J, 500 pm. From E.A.Brown 90/216, Ratkowsky 

78/33, Maxal 24205. 
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Fig. 8. Acromastigum interstisiale. A-B, Underleaves from stolon. C, Leaf from stolon. D-F, Underleaves from normal 

shoot cellular detail. G, Leaf cellular detail. H, Underleaf in situ cellular detail. Scale (approximate) A-H, 100 pm. From 

E.A.Brown 90/216, Ratkowsky 78/33, Maxal 24205. 
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bracteoles dissimilar, in several series, innermost largest. Bracts bifid, central sinus 0.6-0.7 length of bract, 
broadly ovate, margins smooth or with occasional papillae or cell protruding slightly; cells ± rectangular 
to isodiametric, 1.1-2 x longer than wide, moderately thick-walled, lacking trigones; oil-bodies unknown. 
Bracteoles entire, ovate to acuminate, otherwise similar to bracts. Perianth c. 3 mm long when fully developed, 
slenderly ovoid-cylindrical, narrowed at mouth and strongly plicate and not strongly 3-lobed, 1-stratose 
throughout, cells elongate or often ± isodiametric near mouth, 0.9-3.3 x longer than wide, thick-walled (radial 
walls c. 3 pm and tangential often more, to 10 pm on outer tangential). 

Etymology: of small narrow spaces, in reference to its occupancy of the narrow morphological space between 
A. anisostomum, A. fumosum, A. furcatifolium, and A. mooreanum. 

Distribution and ecology: Australia (Tasmania) and New Zealand (South Island). Widespread in montane 
forests and subalpine shrublands in the wetter parts of Tasmania, particularly in the west and south (Fig. 9). 
It appears to be the most common species of Acromastigum in subalpine and alpine South West National Park. 
In New Zealand A. interstisiale occurs on the Stockton Plateau. Acromastigum interstisiale grows in a range of 
predominantly terrestrial microhabitats, including on the ground beneath shrubs (such as Leptospermum) 
and trees (such as Lepidothamnus (New Zealand only), Banksia (Australia only)) in forest up to 10 m tall; on 
exposed rock and stream side banks and boulders; on banks in forest and shrubland; and on rock overhangs. 

Fig. 9. Distribution of Acromastigum interstisiale in Tasmania, Australia (top left), and in South Island, New Zealand. 
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It grows in association with a wide range of bryophyte and fern species, and may occur admixed with 
A. mooreanum and A. fumosum in Tasmania, and with A. anisostomum, A. marginatum, and A. mooreanum in 
New Zealand. 

Recognition: Acromastigum interstisiale has been confused with A. anisostomum and A. mooreanum in 
Australia, and with Acromastigum brachyphyllum (synonymised with A. anisostomum in this treatment), 
A. anisostomum and A. mooreanum in New Zealand. Acromastigum interstisiale differs from A. anisostomum 
in its deeply lobed leaves, whose postical lobe is broadly triangular, and in the cell surfaces covered by dense 
but indistinct ornamentation. Acromastigum interstisiale differs from A. mooreanum by postical leaf lobe being 
4 to 6 cells wide at the base, and more than 2 cells wide for around half its length, and by the smaller vitta cells 
in the leaf disc and postical lobe, by the postical lobe not being scythe shaped and reflexed laterally outward 
when dehydrated, and by the leaf lobe cell surfaces being covered by dense but indistinct ornamentation. 
Acromastigum interstisiale differs from A. furcatifolium by its leaf margins lacking irregular obtuse projections, 
particularly on the postical margin, by the sinus narrowing gradually and having an acute apex, rather than 
widening between the lobes and having an obtuse apex. 

Remarks: Specimens of A. interstisiale have been identified as A. anisostomum, A. brachyphyllum (in New 
Zealand) or A. mooreanum. Rodway (1917) and Evans (1934) were both of the opinion that A. mooreanum 
represented a robust form of A. anisostomum, and this confusion appears partly due to the existence of the 
third unrecognised and undescribed species presented here as A. interstisiale. Evans discussed variation 
within A. anisostomum and differences between it and A. mooreanum at length, and concluded that although 
the differences might seem significant they are ‘bridged over’ by some specimens. Evans’ objections to the 
separation of A. anisostomum and A. mooreanum were based on continuity between the two species manifest 
in Cockayne’s specimens collected on Stewart Island, within which Evans found the number of cells separating 
the vitta from the leaf margin varied, and hence he concluded that no consistent differences in leaf lobe width 
or shape existed. Evans therefore felt justified to follow Rodway in regarding A. mooreanum as a synonym of 
A. anisostomum. He made this clear in literature and in a letter to E. A. Hodgson, where he wrote “my first 
acquaintance with Bazzania mooreana came from a specimen collected in Tasmania. It certainly looked very 
different from the ordinary forms of B. anisotoma and I thought at first that Stephani was right in separating 
it as a distinct species. Cockaynes’ [sic] specimens from Stewart Island however merge over the gap between 
the Tasmanian specimen and the usual form of B. anisostoma. I feel convinced therefore that Rodway was 
right when he interpreted B. mooreana as a form of B. anisostoma”. This excerpt from a letter sent by Evans 
to Hodgson was included on a note within a specimen of A. mooreanum (det. A. anisostomum) from Stewart 
Island collected by Cockayne (AK18693), transcribed by Hodgson (M.A.M.Renner pers. obs.). Evans refers 
to Cockayne specimens, but we have seen only one specimen held in AK, which is A. anisotomum. We have 
not seen the specimens cited by Evans held in A and Y. However, from Evans’ figures (1934 Fig. 10) it is likely 
that these specimens contain a mixture of A. anisostomum, A. interstisiale and A. mooreanum. Two of the leaf 
outlines illustrated (Evans 1934, Figs 10 C, B) are consistent with A. anisostomum as are the figures of cellular 
detail, while the third leaf outline (A) is consistent with A. interstisiale. Figure 11 in Evans (1934) accurately 
illustrates differences in leaf and lobe shape between A. interstisiale (the Oldfield collection from Tasmania) 
and A. anisostomum (the other two collections from New Zealand). That few specimens of these three species 
were available to Evans for study may have contributed to his missing the subtle differences in leaf and lobe 
shape, vitta, and cell surface ornamentation separating them. The similarity between A. interstisiale and both 
A. furcatifolium and A. fumosum is discussed further in the remarks under those species. 

Representative specimens examined: Australia: Tasmania, North West: Cathedral Rocks, 40°53'S 145°31’E, 40 m, 

21 Sep 1992, A. Moscal 24205 (H0443744); West Coast: 3 km south Teepookana Bridge, 42°13’S 145°26'E, 220 m, 

8 Nov 1990,/. Jarman s.n. (H0525959); Sorell River, 42°32'S 145°29'E, Feb 1900,1. Rodway 212a (H087427 as B. mooreana 

det. Stephani); Sorrell River, 42°32'S 145°29’E, Feb 1900, W.A. Weymouth & T.B. Moore (HO88180 as B. anisostoma det. 

Stephani); South West: tributary of Serpentine River, north of the Mount Sprent track, c. 1 km directly ESE of Serpentine 

Dame, 42°46’52"S 145°58T4"E, 620 m, 16 Jan 1994, E.A. Brown 94/96 & K.L. Radford (NSW285485); Mt Cullen, 42°50'S 

146°10’E, 366 m, 4 Mar 1978, A.C Ratkowsky H842 (H0409670); Mt Cullen, summit area, 42°50'S 146°10'E, 720 m, 

13 Apr 1986, A. Moscal 12881C (H0443746); Southwest National Park, side of Celtic Hill, Scotts Peak Road, 42°55'39"S 

146°21'00"E, 440 m, 13 Dec 1990, E.A. Brown 90/216 (NSW277323); Elliot Hill, 43°00'S 145°37'E, 205 m, 17 Jan 1986, 

A. Moscal 11788 (H0443752); Mt Gaffney, 43°04'S 145°47'E, 480 m, 14 Jan 1986, A. Moscal 11700B (H0443754); Arthur 

Plains, 43°06'S 146°16'E, 250 m, 15 Feb 1996, A. Moscal 28039A (HO571028); Coffin Bay, Port Davy, 43°16'S 145°58'E, 

6 m, 5 Jan 1987, A. Moscal 13804A (H0443747); Coffin Bay, Port Davy, 43°17'S 145°58'E, 2 m, 11 Jan 1987, A. Moscal 

13886B (H0443751); Moonlight Flats, 43°27'S 146°48'E, 3 Mar 1989,/. Jarman s.n. (H0501750); Wilson Bight, 43°32'S 

146°05'E, 40 m, 13 Jan 1987, A. Moscal 13952B (HO443750). 

New Zealand: South Island: Western Nelson: A.J. Stream, tributary of Mangatini Stream, east of Burma Road, c. 2 km N of 

Mt Stockton, 41°38'S 171°55'E,420 m, 5 Dec 2006,/.E. Braggins 06/267H (AK301964); Stockton mine area, A.J. Stream north 
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side near junction with Mangatini Stream, 41 °40'12"S 171°52'53"E, 510 m, 5 Dec 2006, J.E. Braggins 06/265A (AK300461); 

Ford Creek west of Burma Road, 41°40'12"S 171°52'53"E, 700 m, 4 Dec 2006, J.E. Braggins 06/265B (AK300462); Ford 

Creek west of Burma Road, 41°40'12"S 171°52'53"E, 700 m, 4 Dec 2006, J.E. Braggins 06/237’A (AK300454); Ford Creek 

west of Burma Road, 41°40'12"S 171°52'53"E, 700 m, 4 Dec 2006, J.E. Braggins 06/233C (AK300453 p.p.); Ford Creek 

west of Burma Road, 41°40'12"S 171°52'53"E, 700 m, 4 Dec 2006, J.E. Braggins 06/231B (AK300450); Ford Creek west of 

Burma Road, 41°40'12"S 171°52'53"E, 700 m, 4 Dec 2006, J.E. Braggins 06/231A (AK300449); Plover Stream SE of Burma 

Road, 41°40'12"S 171°52'53"E, 720 m, 5 Dec 2006, J.E. Braggins 06/254A (AK300457); Plover Stream SE of Burma Road, 

41°40'12"S 171°52'53"E, 720 m, 5 Dec 2006, J.E. Braggins 06/256A (AK300459); c. 0.5 km below Denniston under power 

pylons above road, 41°44'S 171°47'S, 530 m, 2 Dec 1998, J.E. Braggins 98/502C (AK254180). 
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Fig. 10. Acromastigum furcatifolium. A-C, Leaves showing cellular detail. D, Lateral-oblique view of shoot. D, Dorsal view 

of shoot. F, Stem transverse section. G-H, Underleaves cellular detail. Scale (approximate) A-C, F-H, 100 pm; D, 2000 

pm; E, 500 pm. From AKU63468, (?)NSW418729. 
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Acromastigum furcatifolium (Steph.) E.A.Br. Phytotaxa 65: 58 (2012), Fig. 10. 

Lepidozia furcatifolia Steph. Journal and Proceedings of the Royal Society of New South Wales 48: 112 (1914). 

Type: Australia, New South Wales: Central Tablelands: Horse Shoe [Horseshoe] Falls, Blackheath. (33°37'S, 
150°19'E), 07 Jan 1911, W.W. Watts 1027 (holotype: G n.v.; isotypes: NSW360433! NSW360434! NSW361394!) 

Forming intertangled tufts of procumbent or somewhat arching stems, with brown pigmentation. Shoots 
0.4-0.6 mm wide (when flattened), usually c. 5 mm long. Stems wiry, 95-135 pm in diam., 4 or 5 cells in diam., 
rounded in cross-section; cortical cells 1.9-2.9 X as long as wide, 35-110 pm long, 25-45 pm wide, 40-45 pm 
in diam., dorsal cells approximately twice as long and wide as ventral cells, in 7 or 8 rows; medullar cells more 
elongate, c. 3.4-5.4 x as long as wide, 105-130 pm long, 25-35 pm wide, 15-30 pm diam. (ends usually square 
to slightly tapered); cortical and medullar cells with walls 3-11 pm thick, outer tangential walls of cortical cells 
thicker (6-18 pm, usually c. 12 pm); oil-bodies unknown. Branches infrequent, postical; flagella uncommon, 
main stem sometimes becoming flagellate at the apex. Rhizoids rare, arising at base of ventral leaves near tip of 
stem. Fateral leaves inserted at an angle of c. 35° from the vertical, slightly to distinctly imbricate, ± flat or with 
apices slightly deflexed; 2-lobed (ventral usually narrower and longer but lobes sometimes of similar width, 
rarely of similar length), dorsal lobe occasionally not formed and replaced by a shoulder, angle between lobes 
rarely <90°and often up to 150°, 250-365 pm long x 130-170 pm wide, often ± parallel sided or varying from 
widest near base to widest just below sinus, dorsal base obtuse to rounded, ventral base straight to obtuse; vitta 
very indistinct, composed of 1 or 2 rows of larger cells petering out below the sinus or ventral lobe (and 1 or 2 
rows in from ventral margin); ventral lobe 105-145 pm long, 60-75 pm (3 or 4 cells) wide at base; dorsal lobe 
35-55 pm long, 30-55 pm (2-4 cells) wide at base; lobes acute, often bluntly so. Cells of leaf largest in vitta 
region and becoming smaller towards both margins; vittate cells 25-45 x 20-30 pm, median cells 15-25 x 
15-20 pm, marginal cells 10-15 x 10-15 pm, cells ± rectangular to elongate hexagonal or trapezoid; 
moderately thick walled, especially in vitta, c. 2-3 pm thick, corners usually thickened but not forming 
distinct trigones; oil-bodies unknown; cuticle minutely striate/papillate (often more obvious in young leaves), 
1 c. 2 (-7) pm thick at margins. Underleaves distant, insertion ± transverse, small (c. 0.15 (-0.3) size of lateral leaves), 
± as wide as stem, depressed broad ovate/subquadrate, 65-75 pm long, 130-140 pm wide, base obtuse; with 
3 vestigal lobes (<1 cell deep) or irregularly crenate. Asexual reproduction not observed. Androecia, gynoecia 
and sporophytes not observed. 

Variation: Individuals exhibit variation in leaf size, the degree to which the dorsal leaf lobe is developed, and 
in how divergent the leaf-lobes are. 

Distribution and ecology: Acromastigum furcatifolium is endemic to the upper Blue Mountains west of Sydney, 
where it grows on inverted or indented surfaces in humid microsites within sandstone cliffs often but not 
exclusively in association with waterfalls and sandstone covered with a thin layer of peat. It has been repeatedly 
collected from Adelina Falls, but also occurs at Mermaids Glenn, Wentworth Falls, and along the National Pass. 
Acromastigum furcatifolium forms more or less pure patches, and at National Pass it was collected on the top 
of a lacuna occupied by various ferns and the orchid Rimacola elliptica. 

Recognition: Acromastigum furcatifolium is distinctive in the golden-brown colour of shoots, the obliquely 
patent leaves, and the gaping sinus between claw-like leaf-lobes that are almost equal in size. It could only 
be confused with Acromastigum interstisiale from Tasmania and New Zealand, some individuals of which 
occasionally bear leaves having a wide sinus. However, A. furcatifolium differs in the nearly transverse 
orientation of the leaves and the irregular outline of the leaf lobe particularly the postical margin which is 
often angular or ‘kneed’ in one or two places on the leaf disc. The papillate ornamentation on the leaf cell 
surfaces is indistinct under light microscope, except on the leaf lobes, where discrete papillae may be present 
at the base of the leaf lobes. This is in contrast to the continuous, densely ornamented leaf cell surfaces of 
A. interstisiale and the faintly striolate-papillose leaf cells of A. mooreanum. 

Representative specimens examined: Australia: New South Wales: Central Tablelands: Blue Mountains National Park, 

Wentworth Falls, Blue Mountains, 29 Aug 1981, J.E. Braggins s.n. (AKU, NSW418729); Adelina Falls, cliff-face to east 

of falls, 4 May 1998, E.A. Brown 98/04 & P.C. Jobson (NSW422368); Lawson, Adelina Falls, 33°43'45"S 150°26T5"E, 

660 m, 29 Mar 1989, EA. Brown 89/62 (NSW434073); Lawson, Adelina Falls, 33°43'45nS 150o26'15"E, 660 m, 29 Mar 1989, 

R.G. Coveny 13006, EA. Brown & P.D. Hind (AK237145, NSW299597). 

Acromastigum fumosum E.A.Br. & M.A.M.Renner sp. nov. Fig. 11. 

Diagnosis: Acromastigum fumosum is the largest Acromastigum species in Australasia, having shoots 
up to 2.0 mm wide. It can be distinguished from A. interstisiale by its larger size and its leaf surfaces, 
which do not bear dense and obscure ornamentation, and the vitta cell walls being more or less 
evenly thickened and without distinct trigones. It can be distinguished from A. mooreanum by 
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Fig. 11. Acromastigum fumosum. A, Ventral view of shoot. B-D, Stem transverse sections. E-G, Leaf outlines. H, Dorsal 

view of shoot. Scale (approximate): A, H, 600 pm. B-D, 60 pm. E-G, 240 pm From Moscal 14127. 
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the postical leaf-lobe being more than three cells wide at the base, and spreading in plane with 

the disc rather than ventrally secund and scythe shaped. Acromastigum fumosum differs from 
A. furcatifolium in its larger size, correspondingly larger leaves and the leaf lobes being divergent but not 
widely spreading, with the sinus apex being acute rather than obtuse, and underleaves typically distinctly 
3-lobed. 

Type: Australia, Tasmania, Southwest: Deadmans Bay, 43°32'S 146°29'E, 15 m, 19 Jan 1987, A. Moscal 14127 
(holotype: H0443755). 

Forming intertangled tuffs of prostrate or somewhat procumbent stems, with brown pigmentation. Shoots 
1.0-2.0 mm wide, up to 30 mm long. Stems wiry, c. 200 pm in diam., 5 or 6 cells in diam., rounded in cross- 
section; cortical cells 2.0-3.5 x as long as wide, dorsal cells approximately twice as long and wide as ventral 
cells; medullar cells smaller than cortical, in 7 or 8 rows, stem cell walls heavily and continuously thickened and 
brown pigmented throughout; oil-bodies unknown. Frullania-type branches infrequent, pseudodichotomous; 
flagella uncommon. Rhizoids rare, arising at base of ventral leaves near tip of stem. Leaves obliquely inserted, 
imbricate, plane, or with apices slightly deflexed; 2-lobed, ventral narrower and longer than dorsal, dorsal lobe 
always formed, angle between lobes 30-90°; 750-1000 pm long x 500-600 pm wide, more or less parallel sided, 
dorsal base rounded, ventral base straight; vitta indistinct, composed of 3 or 4 rows of larger cells extending to 
the ventral lobe base near the sinus apex, 1 or 2 rows in from ventral margin; ventral lobe 400-600 pm long, 
150-250 pm (4 to 6 cells) wide at base; dorsal lobe 200-450 pm long, 150-250 pm (4 or 5 cells) wide at base; 
lobes acute. Cells of leaf largest in vitta region and becoming smaller towards both margins; vittate cells 60-90 
x 25-40 pm, median cells 20-30 x 15-25 pm, marginal cells 15-20 x 20-30 pm, cells ± rectangular to elongate 
hexagonal or trapezoid; moderately thick walled, especially in vitta, c. 2-3 pm thick, corners usually thickened 
but not forming distinct trigones; oil-bodies unknown; cuticle minutely striate/papillate (often more obvious 
in young leaves), (l-)c. 2(-7) pm thick at margins. Underleaves distant, insertion ± transverse, small c. 0.2-0.3 
x size of lateral leaves), ± as wide as stem, depressed broad ovate/sub quadrate, 110-140 pm long, 180-270 pm 
wide, base obtuse; with 3 lobes 2 or 3 cells deep. Asexual reproduction not observed. Androecia, gynoecia and 
sporophytes not observed. 

Etymology: fumosum smoky, in reference to the plant colour. 

Fig. 12. Distribution of Acromastigum fumosum in Tasmania, Australia. 
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Distribution and Ecology: Endemic to Tasmania, where known from three collections from the South West, 
made between 15 and 600 m asl (Fig. 12). Acromastigum fumosum has been collected as a terrestrial in both 
forest and scrub, for instance with Dicranoloma eucamptodontoides, on shallow peat over skeletal soil in heath 
sedgeland. One gathering of Acromastigum from Mt Sprent in Tasmania contained A.fumosum mixed with A. 
interstisiale, and in another A. fumosum was mixed with A. prismaticale. 

Recognition: Acromastigum fumosum differs from A. furcatifolium in its larger size, correspondingly larger 
leaves and the leaf lobes being divergent but not widely spreading, with the sinus apex being acute rather 
than obtuse. Cells of the leaves are also generally larger than in A. furcatifolium. Acromastigum fumosum 
can be distinguished from A. interstisiale by its larger size and leaf surfaces, not bearing dense and obscure 
ornamentation, and the vitta cell walls being more or less evenly thickened and without distinct trigones. 

Remarks: A. fumosum presents as a remarkably robust A. furcatifolium without the widely divergent leaf lobes. 
It shares with A. furcatifolium the mostly obscure leaf surface ornamentation that is occasionally developed 
into prominent hemispherical papillae at the base of the leaf lobes, the vitta extending toward the leaf sinus 
and having mostly evenly thickened walls with concave trigones, and irregular leaf outline sometimes with 
obscure ‘teeth’ on the disc margins. 

The correlated increase in plant stature and cell size relative to similar species may indicate a polyploid origin 
for A. fumosum. 

Specimens examined: Australia: Tasmania: South West: National Park: Mt Sprent, 42°47'S 145°58'E, 600 m, 
31 Jan 1987,/. Jarman s.n. (H0571178); slopes of Mt Sprent, 42°47'S 145°59'E, 350 m, 5 Feb 1987,/. Jarman 
s.n. (H0571176). 

Acromastigum exiguum (Steph.) A.Evans, Annales Bryologies Supplement 3: 75 (1934). Fig. 13. 

Mastigobryum exiguum Steph. Hedwigia 25: 6 (1885), plate 2, figs 4-6. 

Type: Australia, Victoria, W. Bauerlen s.n. (syntypes: FH, G-24694). 

Forming small to moderate colonies, plants dull green with lighter tips (drying an olive-brown-green); 

creeping with apices slightly curled; mature leafy shoots to 1.2 mm wide. Stems slender, mostly to 30 mm long, 
135-175 pm and c. 4 or 5 cells in diam.; cortical cells 1.1-2.8 x as long as wide, 35-105 pm long, 20-60 
pm wide, c. 20-35 pm tangentially, moderately thick-walled with radial walls c. 3 pm thick (up to 7 pm 
and outer tangential to 18 pm, lacking oil-bodies; medullar cells variable but usually more elongate, 
(2-)4-5(-7) x as long as wide , 55-155 pm long 15-65 pm wide, 15-25 pm tangentially (end walls squared to 
slightly tapered), thin-walled, usually with several to numerous minutely globular grey ovoid oil-bodies 7-14 x 
3-5 pm. Branches lateral (rarely postical, see MUCV4734), frequent, diverging at an angle of 80-100°; flagella 
frequent, often 1 per mm but more usually 1 per 3 mm. Rhizoids scarce, heaves inserted by an oblique line to 
centre of stem, imbricate, convex, dorsally appressed to stem with the apices very slightly deflexed (sometimes 
strongly so), typically very unevenly 2-lobed with dorsal lobe often little more than a tooth and occasionally 
completely absent, 305-430 pm long x 150-240 pm wide, unsymmetrically ovate, dorsal base obtuse, ventral 
base straight to obtuse; vitta very indistinct, consisting of an irregular group of larger cells in the basal part 
of the leaf 2 or 3 cells in from the ventral margin; ventral lobe 60-80 pm long, 60-85 pm (3-5 cells) wide at 
base; dorsal lobe 5-20 pm long, 15-40 pm (1 or 2, rarely 3 cells) wide; lobes acute to obtuse. Cells of leaf largest 
in vitta region and becoming smaller towards both margins; vittate cells 20-40(-50) x 10-20(-25) pm, median cells 
10-30 x 10-25 pm, marginal cells 10-20 x 5-15 pm, cells rectangular to subquadrate, walls <2 pm thick except 
at the margin where the ‘cuticle’ is up to 7 pm; oil-bodies absent; cuticle minutely papillose throughout. 
Underleaves scarcely imbricate to distant; insertion ± transverse, appressed, small (c. 0.25 size of lateral leaves), 
normally slightly wider than stem (but sometimes as wide as or slightly narrower than stem); depressed ovate/ 
suborbicular, often with a shoulder on either side c. lA way up, 100-145 pm long, 140-205 pm wide, base ovate 
to cordate; 3-lobed, occasionally of unequal size, sinuses to c. Vi way; apices of lobes truncate to rounded or 
sometimes slightly emarginate; lobes 3-4(- 6) cells long (more usually 3 or 4 cells), (2 or)3-4(or 5) cells wide, 
frequently with outer lobes curving in towards the central one. Asexual reproduction not observed. Androecial 
branches not observed. Gynoecia 1 per stem, rare; shortly stalked. Bracts and bracteoles similar, in several series, 
innermost largest; usually bifid, central sinus c. 20-40° and split 0.4-0.6 length of bract, ovate, margins smooth 
apart from additional small lobes and teeth which typically occur on innermost bracts; cells rectangular to 
elongate hexagonal, length:width ratio l-4.5(-7), thin walled to moderately thick walled (c. 2 pm) on outer 
bracts, lacking trigones; oil-bodies unknown. Perianth c. 4 mm long when fully developed, slenderly ovoid- 
cylindrical, narrowed at mouth and variously lobed, lobe margins with scattered cells protruding or bluntly 
toothed, 2- (or 3)-stratose basally, reducing to 1-stratose near mouth, cells rectangular to elongate-rectangular, 
length:width ratio 1.3-3.7 (c. 50-120 x 25—35 pm) becoming smaller and less regular in shape towards mouth 
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Fig. 13. Acromastigum exiguum. A, B, Leaves showing cellular detail. C, Dorsal-oblique view of shoot. D, E, Leaf outlines. 

F, Ventral view of shoot apex. G, Underleaf cellular detail. H, I, Leaf from stolon cellular detail. J, Female bract outline. 

Scale (approximate) A, B, G, H, 1,100 pm; D, E, J, 200 pm; C, F, 2000 pm. From Selkirk & Edgcomb 493, Brown 89/55, Brown 

89/191, Brown 89/158. 
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(c. 18-50 x 13—20 pm), radial walls to c. 1 |am, lacking trigones, tangential walls 2—4 |am thick and having 
striate ‘papillae’on lobes (very hard to observe); oil-bodies not observed in perianth. Sporophyte; seta with 
8 rows of large, hyaline epidermal cells filled with botryoidal clusters of tiny oil-bodies (which may give the 
cells a dark appearance in transverse section) surrounding 11 rows of smaller interior cells; capsule walls 
4 (or 3)-stratose, inner layer of capsule with thickenings on radial and transverse walls and bands of thickening 
on the inner tangential walls (often uneven and sometimes absent from a few walls). Elaters c. 10 pm diam, 
band width 3 pm and spiral periodicity c. 22-24 pm. Spores (13—)14—16(—18) pm diam. 

Variation: Acromastigum exiguum exhibits variation in size, in degree of leaf concavity, and in shoot ‘flatness’, 
in how obvious papillae on the leaf surface are, in width of free external wall on the leaf, and in the depth of 
the sinus between the leaf lobes. In some specimens (e.g. NSW622377) plants are composed of narrow shoots, 
concave leaves that hug the stem and have a thick external marginal wall, a shallow sinus between leaf lobes, 
often with antical lobe redundant, and papillae obscure. 

Distribution and ecology: Recorded from eastern New South Wales, particularly around Sydney, and from 
New Caledonia (Kitagawa 1985). Typically found on lightly shaded stream margins, on soil overlying sandstone 
boulders and bedrock. 

Recognition: Acromastigum exiguum is distinctive in its milky green or even glaucous colour when fresh; the 

shallowly bilobed, concave, closely overlapping leaves, the semi-circular postical lobe margin; the indistinct or 
absent vitta, and the uniformly thickened leaf-lobe cell walls. Sometimes the antical leaf-lobe is abbreviated as 
in A. marginatum, but the semi-circular outline of the postical lobe margin is consistent. 

Acromastigum exiguum differs from the New Zealand species A. marginatum E.A.Hodgs. in a number of 
features, although the suggestion has been made that they might be conspecific (Kitagawa 1985). The cell 
walls of the lateral leaves in A. marginatum are thicker than those of A. exiguum (often c. 3.5 pm versus rarely 
more than 1 pm in A. exiguum) and they form a distinctive wide marginal border which is not developed in 

A. exiguum to the same extent [(5)—7—12 pm versus 1—3—(5) pm] in A. exiguum. The leaves of A. exiguum are 
consistently bilobed, but the few specimens of A. marginatum that have been examined have a slightly better 
developed dorsal lobe, or where the lobe fails to develop, there is a much more prominent shoulder on the 
dorsal margin than is found in A. exiguum. 

Representative specimens examined, Australia: New South Wales: Central Coast: Laughtondale Gully Road, north 

side, 3.2 km E of junction with Great Northern Road, Maroota, 32°25'S 151°00'E, 22 Aug 1991, R.G. Coveny 15507, P.G. 

Kodela &L. McDougall (NSW796572); Watagan Range, Boarding House Dam, off Watagan Forest Road, 33°00'S 151°24'E, 

1 Oct 1989, E.A. Brown 89/191 (NSW427755); Wollemi National Park, Floyd’s Scrub, NW tributary of Wheeney Creek, 

c 3 km ESE of Mountain Lagoon, 33°27'24"S 150°40'10"E, 9 Ian 2008, R.G. Coveny 19284, W.A. Cherry & P.D. Hind 

(NSW7611322); Gully above station, Stanwell Park, 34°13'S 150°58'E, May 1905, W.W. Watts 851 (NSW260053); Brogers 

Creek, at Flying Fox Pass, c 1.9 km W of Barren Grounds Field Lodge, 34°40'39"S 150°41'29"E, 15 Mar 1992, E.A. Brown 

s.n. (NSW296162); Barren Grounds Nature Reserve, Lamonds Creek between the Natural Stone Bridge and Wonga Falls, 

34°41'30"S 150°43T0"E, 570 m, 22 Apr 1992,R.G. Coveny 16081 &P.D.Hind (NSW262593); Somersby Falls, N of Sydney, 

23 Aug 1981, G.A.M. Scott s.n. (MUCV 4734); Royal National Park, Sydney, 18 lun 1972, G.A.M. Scott s.n. (MUCV1470); 

Brogers Creek, 7 km SE of Robertson, 11 Jul 1961,1. Beeton B45, (CBG052345, MUCV 3581); Central Tablelands: Bowens 

creek, c 100 m S of bridge, 33°29'54"S 150°28'34"E, 8 Mar 2004, E.A. Brown 04/09, M. Heslewood & H. McPherson 

(NSW700366); Blue Mountains National Park, Bilpin Gorge walk (Waratah Track) at the E end of Valley Ridges Rd, 

c4.7 km ENE from summit of MtTomah,33°32'S 150°28'E,600m,23 Sep 2001, V Stajsic2779&N. Klazenga (MEL2136376, 

NSW622377); Pierces Pass, c. 1.5 km by track from Bells Line of Road and c. 8 km SSW of Mt Wilson, 33°34’S 150°20’E, 

800 m, 23 Sep 2001, V Stajsic 2794 & N. Klazenga (MEL2137131, NSW622375); Coachwood Glen, Megalong Valley, 

33°40'S 150°16'E, 13 Mar 1989, E.A. Brown 89/34 (NSW427753); Blue Mountains National Park Dantes Glen walking 

track, c. 1 km NW of Lawson township, 33°42'S 150°25'E, 650 m, 22 Sep 2001, V Stajsic 2735 &N. Klazenga (MEL2136332, 

NSW622376); Cataract Falls, Lawson, 33°44'S 150°26'E, 630 m, 29 Mar 1989, R.G. Coveny 13023, E.A. Brown & P.D. Hind 

(NSW299629). 

Acromastigum echinatiforme (De Not.) A.Evans, Annales Bryologici, Supplement 3: 64 (1934). Fig. 14. 

Mastigobryum echinatiforme De Not. Memorie della Reale Accademia delle Scienze di Torino II. 28: 302 (1874), 
plate 30. 

Type: Malaysia, Sarawak, Mount Linga, 1867, O. Beccari 56 (FI n.v.). 

Bazzania echinatiformis (De Not.) Trevis, Memorie del Reale Istituto Lombardo de Scienze e Lettere. Serie 3, 
Classe di Scienze Matematiche e Naturali 4: 414 (1877). 

Forming dense mats composed of procumbent to suberect arching stems, yellow-green to pure green and 
lacking brown pigments (young growth creamy pale brown when dried). Shoots 0.6-0.8(-l) mm wide (when 
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flattened), usually 10-16 mm long. Stems somewhat lax, 110-145 |am and 5 or 6 cells in diam., often slightly 
dorsi-ventrally flattened; cortical cells 1.2-2 x as long as wide, 43-66 |am long, 34-40 |am wide, 30-45 |am 
diam., typically in 7 rows; medullar cells more elongate, c. 6-8 x as long as wide, 120-160 pm long, 15-25 pm 
wide, 19-25 pm diam., (ends usually square to slightly angled); cortical cells with thick walls, outer and inner 
tangential walls (2)-6-12 pm thick, radial walls narrower (1-6 pm); medullar cells thinner walled, typically 
1-3 pm thick; oil-bodies unknown. Branches frequent, arising at intervals of 1.5-5 mm, lateral or occassionally 
postical when the apex is damaged and usually diverging at an angle of 40-60(-90)°; flagella frequent, 
1.5-3 mm apart, flagella leaves bifid with one lobe frequently smaller, c. 1A size of underleaves; rhizoids scarce, 
usually arising from flagella leaves when present. Leaves inserted at an angle of 60° from the vertical, imbricate, 
flat to dorsally appressed to stem with the apices deflexed, 2-lobed (ventral slightly narrower and longer than 
the dorsal but sometimes slightly wider, 425-505 pm long x 170-210 pm wide, widest just above the narrowed 
base, dorsal base usually somewhat auriculate, ventral margin often straight or bulging slightly at ventral 
lobe; vitta present but not well defined, 4 or 5 cells wide and 1 or 2 cells in from ventral margin; ventral lobe 

Fig. 14. Acromastigum echinatiforme. A, Underleaf cellular detail. B-D, Underleaf outlines. E, Ventral view of shoot 

system. F, Leaf cellular detail. G, H, Leaf outlines. I, J, Stem transverse sections. Scale (approximate) A, F, I, J, 250 pm; 

B-D, 500 pm; E, 4000 pm; G, H, 1000 pm. From E.A. Brown 94/500 and Hicks 11661. 
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155-190 pm long, 75-105 pm ( 7-9 cells) wide at base; dorsal lobe 120-145 pm long, 80-110 pm (8-11 cells) 
wide at base; lobes acute. Cells of leaves decreasing in size from vitta towards dorsal margin, with ventral 1 or 
2 rows smaller than those of the vitta; vitta 15-35 x 13-20 |am, central 13-22 x 9-13 |am and dorsal margin 
9-10 x 8—12 pm; thin walled throughout (slightly thicker in vitta); oil-bodies unknown; cuticle smooth except 
towards tips of lobes where it is distinctly but minutely papillate. Underleaves slightly imbricate, insertion 
±transverse, ±flat, large (c. 0.3-0.45 size of lateral leaves), typically slightly wider than stem, occasionally 
subquadrate but usually with lateral margins curved outwards, 140-165 pm long, 175-215 pm wide, rounded 
to rarely auriculate at base, marginal irregularities frequent; 3-(4)-lobed, sinuses to c. 0.4-0.5 way; lobes 
7—10(—12) cells long, (3-)4-6(-9) cells wide, often with one lobe larger or smaller than the others; apices of 
lobes rounded to truncate or emarginate. Asexual reproduction occasionally by caducous leaves. 

Variation: There are significant differences between Australian and Malesian populations of A. echinatiforme. 
The general morphology shows strong affinities and the underleaves are almost identical in both regions (not 
unusual in a number of taxa), however the lateral leaves of Australian plants are larger by about 20% — 
typically 16-20 cells high at the sinus vs 9-12, leaf 18 cells wide at maximum girth vs 9—12(—16); the cortical 
cells of the stem have a larger lumen with the walls a little less thickened; and the vitta tends to be better 
developed in Malesian plants. 

Distribution and ecology: In Australia A. echinatiforme is a common lithophyte or trunk epiphyte in montane 
rainforest within the Wet Tropics Bioregion of north-east Queensland, typically occurring above 600 m asl. 

Recognition: Mid-green to brown-green plants with rectangular, spreading almost isolobous leaves, the lobes 

convergent and slightly forward-swept, underleaves deeply trifid, lobes rectangular, vitta indistinct. 

Remarks: Material in Queensland was initially attributed to Acromastigum echinatiforme by Marie Hicks who 
collected it in the 1980s. The type of A. echinatiforme is held in Becarri’s herbarium and was not available for 
loan. 

Representative specimens examined: Australia, Australia: Queensland: Cook: Good Shepard Rock, slope of Mount Demi 

near Mossman, 16°30'S 145°19'E, 17 ful 1983, M.L. Hicks 11661 (NSW434075); Mount Lewis State Forest, Mount Lewis 

Road, third creek beyond locked gate, 16°30'16" S 145°16'08" E, 1200 m, 14 Aug 1995, E.A. Brown 95/108, B.M. Wiecek & 

K.L. Radford (NSW390610); Mount Lewis, 23 fun 1983, M.L. Hicks 11363 (TENN); State Forest 143, Mount Lewis Road 

c 30.5 km from intersection with Mossman-Mount Mollow Road, 50 m up small stream, 16°30'50"S 145°16'10"E, 

16 ful 1994, E.A. Brown 94/500, R.G. Coveny & B. Tan (NSW297109); Main Coast Range, 19 km NNW of Mount Molloy, 

1200 m, 16°31'S, 145°16'E, 30 fun 1984, H. Streimann 30310 (CANB8408816); H. Streimann 30308 (CANB8408814); Mt 

Bellenden Ker National Park, Mt Bellenden Ker, just below radio transmitter pylon, between track and stream, 17°15'55"S 

145°5lT5"E, 1500 m, 7 Aug 1995, E.A. Brown 95/179, B.M. Wiecek & K.L. Radford (BRI, NSW390438); Mount Bellenden 

Ker, south peak, 23 km SSE of Gordonvale, 1550 m, 17°18'S, 145°52'E, 03 Mar 1983, H. Streimann 27433 (CANB8305398); 

Bellenden Ker Range, Russell River catchment, Wooroonooran National Park, track to Choorichillum from end of Gourka 

Road, between NW summit and Choorichillum, 17°23'45"S 145°48'56"E, 1460 m, 30 Mar 2012, M.A.M.Renner 6432, V.C. 

Linis & E.A. Brown (NSW896971); North Kennedy: Cardwell Range, Douglas Creek, Bridge No. 10, on forestry road to 

Blencoe Falls, 700 m upstream from bridge, 18°12'46"S 145°48'30"E, 730 m, 30 ful 1995, E.A. Brown 95/74, B.M. Wiecek & 

K.L. Radford, (NSW390333); 31 ful 1995, E.A. Brown 95/108, B.M. Wiecek & K.L. Radford, (NSW390367). 

Acromastigum prismaticale E.A.Br. & M.A.M.Renner sp. nov. Fig. 15. 

Diagnosis: A. prismaticale is distinctive in its yellow-green colour, frequent pseudodichotomous branching, 
and the postical leaf lobe being long and narrow, two cells broad for nearly its entire length, and composed 
entirely of vitta cells. Acromastigum prismaticale shares this distinctive postical leaf-lobe with A. cunninghamii 
but can be distinguished from the latter by its imbricate leaves, and the postical lobe being ventrally secund 
and divergent from the antical lobe. 

Type: Australia: Tasmania: Central Highlands: Mt Kate, 41°38'S 145°58'E, 920 m, 19 Jan 1997, A. Moscal 28912 
(holotype: H0443756). 

Forming moderately extensive colonies, plants dull green (drying light green); creeping with apices slightly 
curled; mature leafy shoots 0.4-0.8 mm wide (c. 0.7-0.9 mm when leaves flattened). Stems slender, filiform, 
mostly to 15 mm long, 110-165 pm and c. 4(—6) cells in diam.; cortical cells 1.1-2.2 x as long as wide, 
35-60 pm long, 25-35 pm wide, c. 40-45 pm diam.; medullar cells more elongate, c. 7 x as long as wide, 
135-140 pm long, 15-20 pm wide, 20-25 pm diam. (end walls squared to slightly tapered), probably full of 
oil bodies; cortical cells thick-walled, radial walls to 10 pm and outer tangential to 18 pm. Branches lateral, 
frequent, diverging at an angle of 75-90°; flagella frequent, often 1 per mm. Rhizoids scarce. Leaves inserted 
by an oblique line to centre of stem, imbricate, slightly convex and often somewhat falcate, dorsally appressed 
to stem with the apices deflexed (strongly so when dry), 2-lobed (ventral slightly longer), 340-430 pm long 
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Fig. 15. Acromastigum prismaticale. A-C, Underleaf cellular detail. D, Dorsal view of shoot. E, F, Leaf cellular detail, 

E, showing typical leaf, F, an atypical small leaf. G, Transverse section of stem. Scale (approximate) A-C, E-G, 100 pm; 

D, 2000 pm. From Jarman 83/2, 88/22 and 89/2. 
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x 130-195 pm wide, widest just above the slightly narrowed base to c. Vi way up the leaf, dorsal base obtuse 
to auriculate, ventral base straight or with a bulge; vitta present on ventral margin, continuing into ventral 
lobe, 2(or 3) cells wide; ventral lobe 125-240 pm long, 40-55 pm wide, 2(or 3) cells wide at base; dorsal lobe 
95-165 pm long, 75-120 pm (5-10 cells) wide; lobes acute. Cells of leaf largest in vitta and becoming smaller 
towards the dorsal margin; vittate cells 15-40 x 15-25 pm, ± rectangular, thick-walled, lacking trigones but 
often with a small triangular mark where cell walls join; median cells 15-25 x 15-20 pm; marginal cells 
5-15 x 5—15 pm, subquadrate to occasionally almost triangular, moderately thick-walled, often to 7 pm; oil- 
bodies not observed; cuticle smooth to very lightly striate/papillate on both surfaces of ventral lobe and leaf, to 
7 pm thick at margins. Underleaves slightly imbricate to distant; insertion ± transverse, appressed, small (c. size 
of lateral leaves), as wide as or slightly wider than stem, ± oblong to slightly obovate or elliptic, 120-150 pm long, 
135-185 pm wide, straight or slightly narrowed at base; 3-lobed or more commonly 2-lobed with irregular 
margins suggesting a third lobe, sinuses to c. 1/5; apices of lobes truncate to rounded or sometimes slightly 
emarginate; lobes up to 4 cells long (more usually 2 cells), 4(or 5) cells wide. Asexual reproduction not observed. 

Androecial branches not observed. 

Gynoecia postical, 1 to several per stem; shortly stalked, occasionally 2 gynoecia produced on a branch. Bracts and 
bracteoles dissimilar, in several series, innermost largest. Bracts usually bifid, sometimes with several lobes (two of 
which are usually better developed), central sinus 0.2-0.4 length of bract, broadly ovate, margins smooth or with 
occasional papillae, cells protruding slightly or with several celled teeth; cells elongate-hexagonal or polygonal 
to rhombic, length:width ratio 1.3-3.1, moderately thick-walled (to 2 pm or to 4 pm in places on outer bracts), 
lacking trigones; oil-bodies unknown. Bracteoles emarginate to bifid (less extensively developed than in bracts), 
to 1/3 split, widely elliptic to obovate, otherwise similar to bracts. Perianth c. 2.5 mm long when fully developed, 
slenderly ovoid-cylindrical, narrowed at mouth and strongly plicate, lacerate to lA length, 1 -stratose throughout, 
cells ± hexagonal throughout, lengthiwidth ratio 1.3-6.1, thick-walled (radial and inner tangential walls 
c. 2 pm, outer tangential 4-6 pm); oil-bodies unknown. Sporophyte not observed. 

Fig, 16. Distribution Acromastigum prismaticale in Tasmania, Australia. 
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Fig. 17. Scanning electron microscope images of the ventral view of Acromastigum cunninghamii (A) and A. prismaticale (B) 

in ventral view. A. from NSW749450, B. from H0443756 

Etymology: In reference to cells of the postical leaf lobe resembling, and occasionally behaving as, prisms. 

Variation: No significant variation among individuals was noted during the course of this study. 

Distribution and ecology: Aparrently endemic to Tasmania (Fig. 16). Acromastigum prismaticale is typically 
encountered as an epiphytic on trunks of large canopy trees in montane forest, particularly Arthrotaxis 
selaginoides and Nothofagus cunninghamii, and it may form extensive pure turfs on both. It also grows on fallen 
and decaying logs of Arthrotaxis on the forest floor. 

Recognition: Acromastigum prismaticale is distinctive in its postical leaf lobe being narrow (c. 2 cells broad) 
and composed of vitta cells. This distinctive character is shared only with A. cunninghamii and 
A. mooreanum. Confusion is really only possible with A. cunninghamii, as A. mooreanum is a much larger, 
browner plant with black-pigmented stem in mature sectors (Fig. 1). Acromastigum prismaticale can be 
distinguished from A. cunninghamii by the imbricate leaves whose postical lobe is ventrally secund and 
divergent from the antical lobe (Fig. 17); by the shallowly lobed underleaves; and by the absence of leaf surface 
ornamentation. 

Representative specimens examined: Australia: Tasmania: Central Highlands: Road to White Spur Dam, 41°53'S 

145°31'E, 600 m, 24 Jan 1992,/. Jarman s.n. (HO310155); West Coast: Highway B28, east of Mt Murchison, Quinn Creek, 

41°50'S 145°37'E, 600 m, 20 Feb 1998, J.E. Braggins 98/065A (AK255745, H0553557); Mt Murchison Regional Reserve, 

Anthony Road, 41°50'S 145°36'E, 590 m, 9 May 1991, /. Jarman s.n. (HO562403); 3 km south of Teepookana Bridge, 

42°13'S 145°26'E, 220 m, 7 Nov 1990,/. Jarman s.n. (H0525961); Southwest: South West National Park, below summit of 

Mt Eliza, 42°57'50"S 146°23'36"E, 8 Feb 1995, EA. Brown 95/22 & B.M. Weicek (HO, NSW365325). 

Acromastigum colensoanum (Mitt.) A.Evans, Annales Bryologici, Supplement 3: 79 (1934) Fig. 18. 

Bazzania colensoanum (Mitt.) Kuntze, Revisio Generum Plantarum 2: 832 (1891). 

Bazzania colensoi (Mitt.) Rodway, Tasmanian Bryophyta 2: 75 (1916). 

Mastigobryum colensoanum Mitt, in Hook.f., Botany of the Antarctic Voyage... Flora Antarctica 2:147 (1855), plate 
100, fig. 3. 

Type: New Zealand, North Island, Tararua, without date, W. Colenso s.n. (NY). 

Mastigobryum divaricatum Nees in Gottsche, Lindenb. & Nees var. f muellerianum Gottsche, Linnaea 28: 556 
(1857). 

Type: Australia, Victoria, without date, F. von Muller s.n. (B). 

Mastigobryum minutulum Colenso, Transactions of the New Zealand Institute 19:288 (1887). 

Type: New Zealand, North Island, vicinity of Norsewood, without date, W. Colenso 1403 (Y!). 

Typically forming dense tuffs composed of procumbent to suberect arching stems, yellow-green to pure 
green, never with brownish pigmentation (sometimes so pale when dried as to be almost glaucous). Shoots 
0.8-1.8 mm wide (when flattened), usually 10-20 mm long. Stems somewhat lax, (125) 200-330 pm in diam., 
5 to 9 cells in diam. (usually 6) and often slightly dorsi-ventrally flattened; cortical cells 0.6-3.8 (usually c. 1.5) x as 
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Fig. 18. Acromastigum colensoanum. A, Leaf cellular detail. B, Leaf medial cells. C, Stem transverse section. D, E, Leaf 

outlines. F, G, Underleaf cellular detail. Scale (approximate) A, F, G, 250 pm; B, C, 100 pm; D, E, 500 pm. 

long as wide, (25-)55-125 pm long, 20-70 pm wide, 20-60 pm in diam., typically in 14 or 15 rows but sometimes 
only 7 or ranging from 15 to 21 in some populations; medullar cells more elongate, c. 2.5-8.9 x as long as wide, 
70-135 pm long, 15-30 pm wide, 20-47 pm diam. (ends slightly tapered to square); cortical and medullar cells 
with walls 1-2 pm thick, outer tangential wahs of cortical cehs thicker (i.e. 6-8 pm) and radial walls of cortical cells 
frequently slightly thicker (i.e. 2-3 pm); oil-bodies absent or 1 per cell, then usually only in the subcortical medullar 

cells, botryoidal, 0 or 1 per cell, c. 25-30(-65) x 15-20 pm. Branches frequent, arising at intervals of 2-5 mm, 
lateral (usually diverging at an angle of 80-90°); flagella frequent. Rhizoids scarce, most frequently arising from 
flagella leaves. Leaves inserted at an angle of c. 20-40° from the vertical, imbricate or distant to slightly imbricate in 
smaller forms with 7 rows of cortical cells, flat to dorsally appressed to stem with the apices deflexed (often strongly 
so), 2-lobed (ventral distinctly narrower and usually shorter but sometimes slightly longer than the dorsal), (440-) 
535-875(-1265) pm long, (200-)230-465(-625) pm wide (as small as 318 x 149 pm in some leaves on type of 
A. minutulum), widest just above the narrowed base, dorsal base usually auriculate, ventral margin often straight 
or bulging slightly at ventral lobe; no vitta present but cells towards ventral margin sometimes very slightly larger 
than those elsewhere; ventral lobe 110-290 pm long, 70-160 pm (4-8 cells) wide at base; dorsal lobe 160-270 
(-330) pm long, 125-245 pm (9-12 cells) wide at base; lobes acute. Cells of leaf fairly evenly sized throughout 
(perhaps slightly bigger towards the ventral margin and sometimes slightly smaller at the dorsal margin); frequently 
isodiametric to rectangular, 15-30 pm long, 8-25 pm wide; thin walled throughout (walls sometimes slightly 
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unevenly thickened or with tiny trigones, especially in lobes); oil-bodies usually not present in cells of leaves but 
occasionally with 1 globular oil body c. 1 pm diam. per cell, especially on fertile branches; cuticle smooth to quite 
distinctly but minutely papillate, especially on margins of lobes, 2 (-6) pm thick at margins. Underleaves distant, 
insertion ± transverse, appressed, small (c. 0.15-0.25 size of lateral leaves), slightly narrower to slightly wider than 
stem, subquadrate or with lateral margins curving, 105-290 pm long, 145-295 pm wide, not auriculate at base 
and rarely with marginal irregularities; 3(or 4)-lobed with sinuses up to 0.3-0.5(-0.7) deep; lobes 2—4(—9) cells 
long, 2-4(-6) cells wide, often with one lobe larger or smaller than the others; apices of lobes rounded to truncate 
or emarginate, rarely acute. Asexual reproduction by caducous leaves, sporadic. Androecial branches small 
(4 to 6 pairs of androecia), inconspicuous, often with 4 or more per stem; bracts bifid V5-V10 length, 1-androus, 
saccate and broadly ovate (sometimes barely so), c. 360-425 pm long and 340-370 pm wide, lobes acute; bracteoles 
ovate, c. 100-280 pm long and 160-220 pm wide, acute to emarginate (with papilla often present on emarginate 
lobes). Gynoecia produced in axils of underleaves, often several per stem to numerous, moderately common. 
Bracts and bracteoles similar, in several series, innermost largest, usually bifid with central sinus acute and split 
V2-V3 length of bract but occasionally undivided or with 1 or 2 distinct teeth or laciniae, ovate, margins often 
smooth or sometimes with scattered protruding cells and papillae; cells rectangular (to almost isodiametric in 
cells at base of unfertilised gynoecia i.e. unexpanded), Lengthiwidth ratio 2-3.5, cell walls evenly thickened or 
marginally thicker in corners, sometimes with small trigones; oil-bodies distributed throughout, 1-3 per cell 
(but often with numerous tiny cellular inclusions which may be oil-bodies), ± globular, <1 pm diam., clear. 

Perianth c. 4.5 mm long when fully developed, slenderly ovoid-cylindrical, narrowed at mouth and variously 
lobed, lobes with margins varying from slightly to strongly toothed/laciniate, 2- or 3-stratose basally, reducing 
to 1-stratose near mouth, cells rectangular to elongate-rectangular or somewhat sinuose, Lengthiwidth ratio 

2-5 (c. 45-120 x 15-35 pm), radial walls to c. 1 pm, ill-defined trigones scattered throughout, tangential walls 
up to 6 pm thick and having striate papillae in upper regions (very hard to observe); oil-bodies not observed 
in perianth. Sporophyte; seta with 8 or 9 rows of large, hyaline epidermal cells filled with botryoidal clusters of 
tiny oil-bodies (which may give the cells a dark appearance in transverse section) surrounding 21-23 rows of 
smaller interior cells; capsule walls 2 (or 3)-stratose. Inner layer of capsule with thickenings on radial walls and 
occasionally with a light deposit on the inner tangential wall in the corner(s) of the cell; epidermal layer. Elaters 
c. 12 pm diam, band width 4.5-5 pm and spiral periodicity c. 12-14 pm. Spores 12-16 pm diam. 

Variation: Plant size varies between individuals. Some specimens (AK259070) are robust and have the outward 
appearance of a small Bazzania species, whereas the smallest forms are difficult to distinguish from the larger 
forms of Acromastigum divaricatum. The stem of A. colensoanum varies in stature and some small forms of this 
species may have only 7 rows of cortical cells. Individuals vary in leaf papillosity, those bearing more distinct 
papillae appear to carry this feature through into the bracts and perianth. Leaf shape and spacing also varies 
between individuals, the leaves in some New Zealand specimens (AK290018) are falcate, and the spacing varies 
from remote to imbricate. In Australia, mainland populations tend to have more triangular antical leaf lobes than 
Tasmanian individuals, which are more isolobous. 

Distribution and ecology: In Australia Acromastigum colensoanum occurs as far north as the Lamington 
Plateau (Queensland) and from there south to Victoria and Tasmania along the Great Dividing Range. 
This species is also widespread in New Zealand and has been collected from one of the subantarctic Island 
groups (the Auckland Islands). In both countries Acromastigum colensoanum is common and occupies a 
variety of microsites. It maybe found growing as an epiphyte on tree trunks, on roots, rotting logs, on boulders 
and bedrock of sedimentary, igneous or volcanic origin, on humus, and on sand. 

Identification: Acromastigum colensoanum is distinctive in its relatively large shoot size (up to 1.6 mm 
wide), mid-green colour, subequally lobed leaves, with the ventral distinctly narrower and usually shorter 
but sometimes slightly longer than the dorsal, and the absence of a vitta in the ventral leaf-lobe, and stems 
with more than 7 cortical cell rows. Acromastigum colensoanum could be confused with A. cunninghamii and 
A. divaricatum. Acromastigum cunninghamii is distinctive in its narrow postical lobe, which is around two cells 
broad throughout its length, and comprised of vitta cells for all or close to all its length; the postical lobe is 
also displaced forward to converge with the apex of the antical lobe. Acromastigum colensoanum differs from 
A. divaricatum in its larger shoots, larger leaves having tens more cells, and stems usually having more than 
seven cortical cell rows. 

Representative specimens examined: Australia: Queensland: Moreton: Lamington National Park, MacPherson Range, 

Tooloona Lookout, 28°15'34"S 153°10'24"E, 1180 m, 6 Mar 2014, M.A.M. Renner 6820 &A.E. Orme, (NSW850580). New 

South Wales: Northern Tablelands: Barrington Tops, Laurie Lookout, carpark, Gloucester Falls, River Walk, 31°58'S 151°27'E, 

16 lul 1989, E.A. Brown 89/174 (NSW435018); Central Tablelands: Barren Grounds Nature Reserve, Lamonds Creek between 

the Natural Stone Bridge and Wonga Falls, 34°41'S 150°43'E, 570 m, 22 Apr 1992, R.G. Coveny 16071 (NSW262583); South 

Coast: Maxwell Road, near stream, Mt Dromedary area, 36°18'S 150°01'E, 9 fun 1989, E.A. Brown 89/151 (NSW427232); 

Victoria: East Gippsland: Sassafras Creek, Ellery Camp, 30 km SSW of Bendoc, 37°24’S 148°47'E, 750 m, 8 Apr 1987, 
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J.A. Curnow 1484 (H0120038); Tasmania: North West: Sith Cala Nature Reserve, 41°13'S 146°06'E, 60 m, 19 Oct 1994, 

A. Moscal 26111C (H0443739); Anthony Road, 41°49'S 145°38' E, 500 m, 1 May 1993, /. Jarman s.n. (EI0551534); East 

Coast: Mt Field, Russell Falls Creek,42°41’S 146°40’E, 710 m, 14April 1992, A. Moscal 23442 (H0132867); Sentinel Range, 

42°52'S 146°14'E, 680 m, 25 Feb 1999, /. Jarman s.n. (H0445261); Tasman Peninsula, Wellard Rivulet, 42°56'S 147°52'E, 

4 Feb 1899, W.A. Weymouth 798 (H088193); Mount Wellington: Mt Wellington, Bower Creek, 42° 55'S 147° 15' E, 28 

Dec 1897, W.A. Weymouth 332 (H088195); Mt Wellington, gully at Jacksons Bend, 42° 55'S 147°16'E, 15 Oct 1979, D.A. 

Ratkowsky (HO409649); South West: South Bruny Range, Waterfall Creek State Reserve, 43° 24'S 147° 19'E, 100 m, 28 Apr 

1993, A. Moscal 25118 (H0443743); Deadmans Bay, 43° 32'S 146° 30'E, 15 m, 21 Jan 1987, A. Moscal 15925 (HO113404); 

A. Moscal 15959 (HO 113044). 

New Zealand: North Island, Western Northland: Waipoua Forest, Yakas track extension to headquarters, 35° 38'S 173° 32'E, 

300 m, 25 Nov 1994,/.F. Braggins 94/211 (AK257216); Auckland: Waitakere Ranges, Spraggs Bush, near car park, 36°54’S 

174°33’E, 31 Jun 1983,/.F. Braggins (AK325140); Waitakere Ranges, Kellys Road University Reserve, Oratia, on slope from 

road to stream near uphill end of reserve, 36° 54'S 174° 36'E, 80 m, 16 Apr 2005,/.F. Braggins 05/039 (AK290018); Hunua 

Range, start of track to summit off mine road, 37°2'24" S 175°11'6" E, 470 m, 29 Jul 2003,/.F. Braggins 03/334 (AK284049); 

Coromandel Range, Kaitarakihi Track, lower third, 37° 9'S 175° 40'E, 540 m, 31 Jan 1987,/.F. Braggins 87/016 (AK259070); 

Taranaki: Manaia Road, in mixed broadleaf forest near third Island in road, 39° 21 'S 174° 8' E, 580 m, 26 Aug 1998, 

J.E. Braggins 98/271B (AK254258); Volcanic Plateau: Mt Ruapehu, off Ohakune Mountain Road, c. 100 m, downhill of 

7 km marker, 39°22’S 175°28’E, 890 m, 27 Nov 1992J.E. Braggins 92/090 0(AK325220); Southern North Island: Manawatu 

Gorge, Totara Reserve Pohangina, Fern Walk, No 1 Line Road of Pohangina Valley East Road, 40°8' 56" S 175° 50' 32" E, 

480 m, 9 Dec 2005, J.E. Braggins 05/086A, (AK294767); South Island: Western Nelson: Golden Bay, Washbourne Reserve, 

Pohara, 40° 44' 40"S 172°41’22”E, 70 m, 29 Oct 2004, J.E. Braggins 04/061 (AK290503); Paparoa Range, Sewell Peak, in 

Nothofagus forest near top of road to first peak, 42° 24' 32"S 171°20'24"E, 780 m, 6 Dec 2000, J.E. Braggins (AK287210); 

Southland: Catlins Ecological Region, Tahakopa Ecological District, Paptowai Scenic Reserve, on north bank of Tahakopa 

River, 46°34'S 169°28'E, 3 m, 23 Nov 1998,/.F. Braggins 98/390A (AK253811); Campbell: Auckland Islands, Ocean Island, 

50°31'S 166°16'E, 24 Jun 1998, A.J.D. Tennyson (AK258342). 

Acromastigum divaricatum (Nees) A.Evans in Reimers, Hedwigia 73: 142 (1933) Fig. 19. 

Jungermannia divaricata Nees, Enumeratio plantarum cryptogamicarum Javae. 60 (1830), non /. divaricata Sm. 
Botanische Jahrhucher fur Systematik, Pflanzengeschichte und Pflanzengeographie plate 719 (1800). 

Type: Asia, Java (not located). 

Forming loose tufts composed of procumbent or slightly arching stems, yellow-green, never with brownish 
pigmentation. Shoots 0.7(-1.2) mm wide when flattened, up to 15 mm long. Stems rather lax, 115-185 (255) pm 

and 5 or 6 cells in diam., occasionally very slightly dorsi-ventrally flattened; cortical cells 1.2-1.5 x as long 
as wide, 55-85 pm long, 40-55 pm wide, 25-75 pm in diam., in 7 rows; medullar cells more elongate, 
c. 3.8-5.7 x as long as wide, 70-75 pm lomg, 10-20 pm wide, 13-55 pm diam. (ends slightly tapered to 
square); cortical and medullar cells with walls 1-5(-12) pm thick, outer tangential walls of cortical cells thicker 
(i.e. 5-22 pm) and radial walls of cortical cells frequently slightly thicker (i.e. 2—5(—11) pm); oil-bodies 
unknown. Branches infrequent, usually more than 5 mm apart, lateral (usually diverging at an angle of 
90-100°); flagella commonly 2 or more per stem. Rhizoids not observed, heaves inserted at an angle of 
c. 40-60 from the vertical, distant to very slightly imbricate, ± flat or with apices slightly deflexed, 2-lobed 
(ventral usually distinctly narrower but not infrequently with lobes of similar length or ventral distinctly 
longer, but also with ventral lobe occasionally noticeably smaller), 330-530(-630) pm long x 145-205 pm 
wide, usually ± parallel sided or widest in middle of leaf but some leaves widest just above the narrowed 
base, dorsal base varying from distinctly auriculate to obtuse, ventral margin often straight, sometimes 
concave or even bulging slightly at ventral lobe; no vitta present but 1 or 2 rows of cells towards the ventral 
margin sometimes very slightly larger than those elsewhere; ventral lobe 100-195 (260) pm long, 55-95 pm 
(2-4 cells) wide at base; dorsal lobe 105-205 pm long, 80-110(-140) pm (3-5 cells) wide at base; lobes acute. 
Cells of leaf slightly bigger towards ventral margin (c. 30-50 x 25-35 pm) and smaller towards the dorsal 
margin especially in the basal lobe (15-25 x 10-25 pm); moderately thick walled throughout, especially in the 
corners (but not forming distinct trigones); oil-bodies unknown; cuticle minutely striate/papillate, especially 
on lobes and margins, (2-)4(-10) pm thick at margins. Underleaves distant, insertion ± transverse, small 
(c. 0.1(-0.3x size of lateral leaves), slightly narrower than stem, subquadrate or with margins very slightly 
curving, 80-135 pm long, 105-150 pm wide, obtuse at base; 3-lobed, sinuses usually c. V2 way (ranging from 
0.15-0.6); lobes (1 or) 2(or 3) cells long, 1-3 cells wide, often with one lobe larger or smaller than the others 
(base 2-5 cells high); apices of lobes rounded to truncate or emarginate. Asexual reproduction not observed. 
Androecia, gynoecia and sporophytes not observed. 

Distribution and ecology: In Australasia A. divaricatum occurs in Australia (Tasmania) and New Zealand 
(North Island). It occupies forest and scrub, from near sea-level (2 m asl) to the alpine zone in Tasmania 
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Lesley E!Lu\, 

Fig. 19. Acromastigum divaricatum. A-C, Leaf cellular detail. D, dorsal view of shoot. E, Dorsal view of shoot sector, 

showing stem cellular detail. F-G, Underleaf cellular detail. Scale (approximate) A, F, G, 100 pm; B, C, 200 pm; 

D, 1000 pm; E, 250 pm. From E.A. Brown 94/91, E. Jarman 87/3, W.A. Weymouth 925. 
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(820 m asl). The few widely separated specimens of this species in Australasia were collected from a variety 
of habitats and substrates, including on streambank boulders with Lepidozia, in gullies with waterfalls in 
lowland forest; on soil under overhanging rock on the southern side of a rock outcrop emerging above alpine 
scrub dominated by Astelia, Richaea, and Southern Beech; and on damp rhyolitic saprolite under Blechnum 
triangularifolium just above the spray zone of a boulder beach. 

Schiffner (1898) reported occurrences of A. divaricatum in Ambon, the Straits of Magellan and Tasmania. 
Evans (1934) regarded the Tasmanian report as dubious and probably based on A. colensoanum. This species 
has almost certainly been overlooked because of it’s superficial similarity to A. colensoanum (see discussion 
under that species). The other possibility is that it is genuinely rare; recent collections are from the Mount 
Sprent area and from Mt Hesperus. It is a morphologically variable species, some forms of which closely 
resemble A. colensoanum. Recent reports of this species from Papua New Guinea (Grolle 1978, Piippo 1991) 
give the impression that this is a montane taxon so it’s occurrence in Tasmania might not be anomalous. 
If these New Guinea records are genuine then one would also expect, however, to also find it in suitable 
geographically intermediate localities such as Mount Lewis, Mount Bellenden Ker and Barrington Tops. 

Identification: Distinguished from A. colensoanum by the 7 rows of cortical cells with 2 rows of ventral cortical 
cells that continue into the ventral lobe of the lateral leaf to give the appearance of being distinctly larger than 
the cells in the rest of the leaf (when viewed at 40x magnification). Specimens often have a yellowish tint. 
The leaves are often remote, falcate and narrower at the base than at the apex, the postical leaf lobe is often 
slightly shorter than the antical lobe. The underleaves are rectangular, as wide or narrower than the stem, the 
underleaf lobes are close set, and usually 2 cells wide throughout, and have a distinct notch in the apex due to 
the rounded outline of adjacent apical cells. 

Remarks: We accept Schiffner’s (1898) record and broad circumscription for A. divaricatum. 

Representative specimens examined: Australia: Tasmania: South West: tributary of Serpentine River, E.A. Brown 94/91 

&K.L. Radford, 16 fan 1994 (NSW285478, det. E.A.Brown); Mount Sprent,/. Jarman 87/3, 1987 (IE); Barker’s Creek, near 

Williamsford, W.A. Weymouth 925, 02 Jan 1900 (G); Southwest National Park, Huon Valley, Arthur Range, Mt Hesperus, 

summit ridge, 43°06'40.5"S 146°13'09.3nE, 820 m, 24 Jan 2012, M.A.M. Renner 5972 (NSW850379); Wilson Bight, 43°33'S 

146°04’E, 15 m, 14 Jan 1987, A. Moscal 15561 (HO501795); A. Moscal 15583 (HO501796); Mt Sprent, 42°47'S 145°58'E, 

930 m, 17 Mar 1991, A. Moscal 20667 (HO133807). 

New Zealand: North Island, Western Northland Ecological Region, Tutamoe Ecological District, Waipoua Forest, 

Mataraua Plateau, bottom ofWaoku Coach Road, 35°39'S 173°39'E, 500 m, 24 Apr 2003, M.A.M. Renner 416, J.E. Braggins 

&R.M. Schuster (AK282784); Coromandel Peninsula, Tairua, Paku Hill, Te Huruhuru Point, NZMS 260 Til 657624,2 m, 

14 Nov 2009, RJ. de Lange 8109 & T.J.P de Lange (AK307214). 

Excluded from the Australian flora 

Acromastigum anisostomum (Lehm. 8c Lindenb.) A.Evans, Annales Bryologici, Supplement 3: 48 (1934). 
Figs 20 & 21. 

Jungermannia anisostoma Lehm. 8c Lindenb. in Lehm., Novarum et Minus Cognitarium Stirpium Pugillus. 6: 57 
(1834). 

Type: New Zealand, South Island, Dusky Bay, without date, A. Menzies s.n. (B). 

Jungermannia atrovirens Taylor, London Journal of Botany 3: 388 (1844). 

Type: New Zealand, Auckland Island, 1840,/.D. Hooker s.n. (B, E293975!, H, NY961612! NY961684!, NY961686! 
YU). 

Mastigobryum anisostomum Lehm. 8c Lindenb. in Gottsche, Lindenb. 8c Nees, Synopsis Hepaticarum 219 (1845). 

Bazzania anisostoma (Lehm. 8c Lindenb. in Lehm.) Trevis. Memoire del reale Istituto Lombardo de Scienze e Lettere. 
Serie 3. Classe di Scienze Mathematiche e Naturali: 4:414 (1877). 

Mastigobryum chiloense Steph. Kongliga Svenska vetenskaps-akademiens handlingar 46: 59, f. 22, e-h (1911). 

Type: Chile, San Pedro Island, Chiloe, 1908, C. Skottsbergs.n. 

Acromastigum brachyphyllum A.Evans Annales Bryologici, Supplement 3: 60 (1934). 

Type: New Zealand, South Island, Paparoa Range, without date, R. Helms 4848 (original material: CHR! MPN! P, 
Y) syn. nov. 

See Engel and Glenny (2008) for description based on New Zealand material. 
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Fig. 20.Acromastigum anisostomum. A, B, Underleaves showing cellular detail. C, Leaf showing cellular detail. D, Leaf apex 

showing cellular detail. E, Dorsal leaf margin. Scale A-C, 60 pm; D, E, 40 pm. All from NSW745732. 
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Distribution and ecology: New Zealand, the Chatham Islands, Subantartic Islands including the Auckland 
Islands, and Chile. In New Zealand common in hyperhumid cool temperate podocarp-broadleaf and beech forests 
and subalpine scrubs from Hauturu (Little Barrier Island) and Te Moehau on the Coromandel Peninsula south, 
descending to near sea-level on the West Coast of the South Island. Acromastigum anisostomum occupies a wide 
range of microsites within forests, scrubs and heaths; and has been collected forming turfs on peat in low subalpine 
vegetation, on lignicolous hummocks on the floor within closed forests, on rocks and on soil banks alongside 
streams, and occasionally on bark of trees including Leptospermum and on Southern Beech. Acromastigum 
anisostomum grows in association with a wide range of other bryophyte and lichen species, including Archeophylla 

schusteri, Crocodia rubella, Dicranoloma robustum, Lepidozia kirkii, L. procera, Paraschistochila pinnatifolia, 
Plagiochila ramosissima, Pseudocyphellaria glabra, P. homoeophylla, and Rhizogonium distichum. A more complete 
list of associates is provided by Engel and Glenny (2008). In particular A. anisostomum may grow alongside, and 
even be admixed with, A. marginatum, A. mooreanum, and A. interstisiale. 

Variation: Despite being confused with several other species (see recognition section). Individuals of 

A. anisostomum are generally consistent in morphology though some specimens exhibit variation in shoot size 
and leaf shape. Typical individuals form turfs of more or less erect shoots up to 800 pm wide whose leaves have a 
distinct sinus between antical and postical lobes. Within these individuals shoots are infrequently branched. 

Fig. 21 .Acromastigum anisostomum. A, Stem transverse section. B, Three leaf outlines. C, Three underleaf outlines. 

D, Ventral view of shoot. Scale A, 60 pm; B, C, 240 pm; D, 600 pm. All from NSW745732. 
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Individuals from sites exposed to periodic dehydration typically form mats of prostrate shoots, with frequently 
pseudodichotomously branched shoots around 600 pm wide. Within these individuals the antical leaf-lobe may 
be reduced such that the sinus is indistinct. The leaves tend to be more concave in individuals with prostrate 
shoots. The size of the leaves in the type of A. brachyphyllum represent the lower end of a continuum and the 
sinus size relative to the length of the leaf falls well within the range observed for A. anisostomum. The divisions 
are no more ‘bluntly pointed, in many cases being obtuse rather than acute’ than found in other populations 
of A. anisostomum, e.g. JE-H3220, WELT-H6175, WELT-H3579; this variation may be a plastic response to 
environment. 

Recognition: Acromastigum anisostomum is distinctive in its shoots being golden-brown, reddish-brown or 

brown, its mature stem sectors being black, its turf forming habit, comprising densely packed, erect, infrequently 
branching shoots, and leaves with a shallow sinus and obtuse postical lobe apex. 

Acromastigum anisostomum is similar to A. mooreanum and A. interstisiale and has been confused with both. See 
the recognition sections of those species for characters differentiating them from A. anisostomum. 

Acromastigum anisostomum could be confused with A. prismaticale but latter is distinct in postical leaf-lobes being 
two cells wide from base to near tip, the cell walls of which are unevenly but broadly thickened forming broad but 
low and indistinct papillae. 

In Australia specimens of A. exiguum have been mistaken for A. anisostomum. Acromastigum anisostomum differs 
from A. exiguum in the brown-tinted colouration of living plants and the leaf shape, where the postical margin is 
straight or nearly so. Acromastigum exiguum is bright green or yellow green in colour, and the postical leaf margin 

is curved. 

Remarks: Acromastigum brachyphyllum A.Evans is placed into synonymy of A. anisostomum. The characters 
exhibited by this species are only slightly out of the normal range of variability encountered in A. anisostomum. 
Evans observed ‘the occurrence of regions in which the cells are in two layers’ in groups of 2-5 cells. Whilst this 
feature has not been observed in any other taxon involving 5 cells, it is not uncommon to observe bistratose regions 
involving 2 or 3 cells, particularly in taxa with strongly convex leaves, including A. mooreanum (e.g. AK300453). 

It may be that this feature is a structural response to the stresses involved in a leaf being flexed in such a manner. 

Representative specimens examined: New Zealand: North Island: Auckland: Hauraki Gulf, Aotea (Great Barrier Island), 

Hirakimata (Mt Hobson), 36°11'S 175°25'E, 500 m, Dec 1986, W.R. Sykes s.n. (AK258878); Hauturu o Toi (Little Barrier), 

Mt Hauturu, summit ridge, 36°12'S 175°5'E, 700 m, 13 Jun 1984, J.E. Braggins 84/183a (AK313249); Thumb track to 

summit, 2 Sep 1963, P. Hynes s.n. (AK116852); Coromandel Range, Mt Moehau, NW from trig, 36°32'18"S 175°23'59"E, 

820 m, 3 Nov 1980, E.K. Cameron (AK325181); South Island, Western Nelson: Mt Burnett, along 4WD track to summit, 

40°38'21"S 172°38T2"E, 580 m, 30 Nov 1995, J.E. Braggins 95/684A (AK285907); Stockton mine area, Webb Stream, a 

tributary of Waimangaroa River, 41°40'12"S 171°52'53"E, 700 m, 5 Dec 2006, J.E. Braggins 06/247A (AK301819); Paparoa 

Range, Ohikanui River, 41°57'S 171°41'E, 200 m, 19 Feb 2003, M.A.M.Renner 297 (AK283009); Paparoa Range, Sewell 

Peak, road to summit about half way up, 42°24'53"S 171°19'19"E, 400 m, 6 Dec 2000, J.E. Braggins s.n. (AK287116); 

Westland: Gillespies Beach Road, 10 km west of Fox Glacier, 43°25'S 169°55'E, c. 160 m, 24 Dec 1983, /. Child H4876 

(F1088077); Omoeroa Saddle, between Fox and Franz Joseph, 43°25'S 170°7'E, 320 m, 29 Nov 1998, J.E. Braggins 98/474B 

(AK254037); Cascade Road, 44°7'S 168°33'E, 140 m, 27 Nov 1998, J.E. Braggins 98/444 (AK253905); Chatham: Rangiauria 

(Pitt Island), Waipapaku Creek (Second Water Creek), Waterfall, 44°17'S 176°12'W, 80 m, 30 May 2008, P.J. de Lange 

CH1715 &P.B. Heenan (AK303448). 
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Abstract 

The genus Entodontopsis (Bryophyta: Stereophyllaceae) is reported as new to the Australian flora, based on a recent 

collection from northern Queensland identified as Entodontopsis pygmaea. This species was previously known from 

Vietnam, Thailand, China, India and Nepal. It is distinguished in the Australian flora by the procumbent habit, complanate 

ovate-ligulate leaves, presence of a costa failing in the upper half of the leaf, weakly denticulate leaf margin, smooth long- 

linear cells in mid-lamina, and gradually differentiated rectangular to rhomboidal alar cells. The likely type locality for the 

species, previously uncertain, is identified. 

Introduction 

We recently collected bryophytes at Lake Barrine National Park, on the Atherton Tableland in northern 
Queensland, in the Cook botanical district (Henderson 1974). Among our collections was an unusual epiphytic 
moss (Fig. 1) that we were unable to identify to genus using the current moss key for Australia (Buck and Vitt 
2006). The leaf shape, the presence of a costa and the large patches of quadrate alar cells slanting up towards 
the leaf margins led us to think it might belong in the Stereophyllaceae. The plant has a superficial resemblance 
to Stereophyllum radiculosum (Hook.) Mitt., a widespread tropical species that has been recorded from the 
Einasleigh Uplands and Northern Brigalow Belt regions of north eastern Queensland, but that has rhomboidal 
laminal cells and a stout costa to 80% of the leaf length, whereas our plant has long, smooth cells and a shorter 
and rather weak costa. 

After conducting a literature search and receiving advice from Dr Benito Tan, we concluded that the specimen 

was likely to be Entodontopsis pygmaea (Paris & Broth.) W.R.Buck & Ireland, a species known from Vietnam, 
Thailand, China, India and Nepal. On this basis we sent a sample of our specimen to Dr W.R. Buck, co-author 
of the only monographs dealing with Stereophyllaceae (Buck and Ireland 1985, Ireland and Buck 1994), who 
confirmed that it is Entodontopsis pygmaea. 

The following description is based on our Australian material. 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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Entodontopsispygmaea (Paris & Broth.) W.R.Buck & Ireland, Nova Hedwigia 41: 105 (1985) 

Stereophyllum pygmaea Paris & Broth., Revue Bryologique 34: 48 (1907) 

Type: Vietnam, southern highlands, “Epiphyte sur Dipterocarpus crispatus, vallee du Kamly, 1480 m”, RA. 
Eberhardt s.n., 1906, PC-0100544, PC-0100545, PC-0147673 (digital images seen), H (isotype fide Buck and 
Ireland 1985), non vidi. 

Plants bright green, somewhat glossy, densely foliate; stems procumbent, pale green; branches arising at 
irregular intervals, procumbent to weakly ascending, to 1.8 cm long; leaves weakly secund to the ventral side; 
rhizoids orange-brown, in fascicles. Stem and branch leaves similar, ovate-lingulate, widest at leaf length, 
slightly concave, tapering to an acute to obtuse or roundly blunt apex, 0.7-1.11 mm long, 0.38-0.56 mm 
wide, distinctly narrowed at the base; costa single, broadest at base and failing in the upper to V2-2/3 of the 
leaf; margins plane, one or both margins revolute at the base, serrulate ± throughout by projecting ends of 
cells; laminal cells in mid-leaf smooth, elongate, ± linear but often with a slight sigmoid twist, 35-71 x 4.7-7.1 pm, 
thick-walled, not porose, slightly shorter in the leaf base and distinctly shorter in the leaf apex; alar cells 
gradually differentiated from laminal cells, wider and shorter, rectangular to rhomboidal but very irregular in 
size and shape, chlorophyllose. 

Paroicous. Gynoecia basal on short branches and at intervals along longer stems, paraphyses common. 
Androecia smaller, numerous and distal to gynoecia, paraphyses present but uncommon. Perichaetial leaves 
inconspicuous, smaller than the branch leaves, 0.48-0.59 x 0.14-0.18 mm, ovate-lanceolate, widest below 
mid-leaf, ecostate; margins entire to weakly serrulate by occasional projecting cell ends; cells as in the stem and 
branch leaves. Sporophytes with red-brown to yellow-brown setae about 4-5 mm long; capsules (including 

operculum) 0.55-0.70 mm long, 0.33-0.43 mm wide; theca dark brown when mature, urn-shaped, slightly 
narrowed below the mouth when mature; operculum red-orange when mature, almost hemispherical, with a 
large blunt apiculus; peristome double, exostome and endostome similar in length, exostome teeth trabeculate; 
calyptra large, hood-like, side-split; spores spherical to ovoid, smooth to finely papillose, 9.5-11 microns in 
diameter/long axis. Fig. 2. 

Fig. 1. Entodontopsis pygmaea at Lake Barrine, Queensland, growing as an epiphyte. Scale bar (bottom left): 5 mm. Cairns 

& Meagher WT-380. 
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Fig. 2. Entodontopsis pygmaea. a Series of branch leaves, b Perichaetial leaf with paraphyses. c Cells in mid-leaf, 

d Leaf apex, e Leaf base, showing alar cells, f Androecium. g Gynoecium with perichaetial leaves removed, showing 

paraphyses. h Portion of stem with one gynoecium (left) and several distal androecia. i Calyptra. j Capsule with intact 

operculum, k Exothecial cells of capsule wall. Scale bars: a,i,j 1 mm. b,f,g,h 0.5 mm, c,d,e,k 100 pm. Cairns & Meagher 

WT-380. 
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Specimen examined: Australia: Queensland: Cook (Anonymous 1975): Lake Barrine National Park, 17° 14' 44" S, 

145° 38’ 21" E, 756 m asl, on bark of tree in a pure colony, Cairns & Meagher WT-380, 10 May 2014 (BRI, CNS, NY). 

Discussion 

Buck and Ireland (1985) resurrected the name Entodontopsis Broth, for species of Stereophyllum with elongate 
cells. Apart from the original description by Paris and Brotherus (in Paris 1907), the only other descriptions 
of Entodontopsis pygmaea are identical descriptions in Flora Yunnanica (Li 2005) and Moss Flora of China 
(Li 2008), based on collections from Yunnan province, near the border with Vietnam. 

An isotype has been identified in the collection of the University of Helsinki (H) (Buck and Ireland 1985), 
and three specimens in the collection of the Museum National d’Histoire Naturelle, Paris (PC), where the 
herbarium of Edouard Paris is held, are listed as isotypes on the museum’s database. Although these latter 
three collections have not been assessed critically, we think there is little doubt that they are all segregates of 
the original material. 

Our translation of the protologue (in Latin and French) is as follows. The collector was Philippe Eberhardt 
(1874-1942), a French botanist who spent 15 years in eastern Asia and collected in many localities 
(JSTOR 2014). The paper by Paris (1907) reports entirely on collections by Eberhardt, mostly in the former 
province of Annan in modern-day southern Vietnam. 

The leaf dimension given is obviously the length, although width (‘lata’) is stated in the original, since 
otherwise E. pygmaea would be substantially larger than E. nitens, not smaller as stated in the commentary. We 
also assume that the unusual use of both ‘hyaline’ and ‘chlorophyllose’ to describe the alar and basal cells was 
intended to indicate the transparency of these cells while also noting that they contain chloroplasts. 

“Stereophyllum pygmaeum Paris et Broth, spec. nov. — Monoicous. In small turfs, loosely imbricate, glistening. 
Stems creeping, rhizoidal, branched, weakly pinnate. The leaves more or less erecto-patent when moist, oblong- 
lingulate, IV3 - IV2 mm long, curved, entire or with the rounded apices rather inconspicuously denticulate, 
asymmetric, costa reaching the middle; with alar and basal cells quadrate, more or less hyaline, thick-walled 
and chlorophyllose, others very narrow and smooth. Gametangia arising from the stem, androecia persisting, 
antheridia 6-8, stalked, lacking paraphyses. Perichaetium rhizoidal: 3 or 4 perichaetial leaves, widely lanceolate, 
acuminate, cells lax and hyaline, costa orange-yellow. Sporophytes frequent: capsule oblong, 1 mm long, 
0.5 mm thick, green when maturing, brown when old and then constricted below the mouth, on a stalk 

6-8 mm tall, reddish, twisted, erect or bent. Peristome double, exostome teeth lanceolate, trabeculate, furnished 
with a dividing line; endostome almost the same length, with a hyaline membrane one quarter of the length of 

the teeth. Annulus? Calyptra? Operculum conical. Spores green, smooth. 

Epiphyte on Dipterocarpus crispatus, vallee du Kamly, 1480 m. 

Very like a miniature Stereophyllum nitens Mitt., from which it has been separated, this delicate species is not 
only distinguished by its extreme smallness, but also by its unequal leaves, rounded at the apex, the entire 
perichaetia, etc. Stereophyllum tavoyense (Hook.) Jaeg. was until now the only species of this genus known in 
the French East Indies.” (Paris and Brotherus, in Paris 1907, p. 48) 

A comparison of characters previously reported for Entodontopsis pygmaea against our specimen is provided 
in Table 1. Measurements other than leaf length were not given by Paris and Brotherus (in Paris 1907) and the 
species was not described in the monograph by Buck and Ireland (1985); most comparisons in the table are 
therefore against the dimensions given by Li (2005,2008). 

Table 1. Characters reported for Entodontopsis pygmaea compared against our specimen. 

Character Paris (1907) Li (2005, 2008) Our specimen 

Leaf length (mm) 

Leaf width (mm) 

Laminal cell length (pm) 

Laminal cell width (pm) 

Capsule length 'width (mm) 

Seta colour, length (mm) 

Paraphyses 

Spores 

1.3-1.5 

not given 

not given 

not given 

1 X 0.5 
reddish, 6-8 

lacking in perigonia; not 

mentioned in perichaetia 
green, smooth 

1.4-1.8 0.7-1.11 

0.5-0.75 0.38-0.56 

75-85 35-71 

7-8 4.7-7.1 

1.25 X 0.3-0.4 0.55-0.7 X 0.33-0.43 
reddish, 9-10 reddish-brown, 4-5 

not described present in perigonia and perichaetia 

not described green, smooth to papillose, spherical to 

ellipsoid 
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Our collection (Cairns & Meagher WT-380) has leaves and sporophytes consistently smaller than the 
dimensions of Entodontopsis pygmaea given in the original description and in Li (2005,2008). Such variations 
in size are not unusual in bryophyte species and may be attributable to phenotypic plasticity (e.g. Buryova and 
Shaw 2005, Pereira et al. 2013). 

Paris and Brotherus (in Paris 1907) found no paraphyses associated with androecia in their collection, but 
we sometimes found uniseriate paraphyses with elongate terminal cells in perigonia we examined, and more 
commonly in perichaetia (Figs 2f,g). Paris and Brotherus (in Paris 1907) described the perichaetial leaves 
as having an orange-yellow costa, but costae were absent in all mature perichaetial leaves examined in our 
material. Ireland and Buck (1994) noted that in Entodontopsis the perichaetial leaves can be ‘costate or ecostate 
within a single perichaetium’. 

Spores were described by Paris and Brotherus (in Paris 1907, p. 48) as ‘green, smooth’, but by Buck and Ireland 
(1985, p. 101) and Ireland and Buck (1994, p. 10) in the distinguishing characters of the genus as ‘spherical to 
ovoid, papillose’. We found both smooth and finely papillose spores, and the shape varied from spherical to 
ellipsoid. 

To accommodate Entodontopsis in the current key to Australian mosses (Buck and Vitt 2006), we suggest the 
following amendments to the key. 

314 (305:) Stem leaves falcate-secund. 315 

314: Stem leaves straight or weakly secund, not falcate . 318 

and 

319 (318:) Leaves complanate; plants monoicous.Entodontopsis 

319: Leaves not complanate; plants dioicous. 319A 

319A (319:) Alar cells small (etc., as in existing couplet 319).Pseudosclerop odium 

319A: Alar cells large (etc., as in existing couplet 319) .Straminergon 

Finally we take the opportunity here to identify the likely type locality for Entodontopsis pygmaea, which has 
previously been uncertain. The original word ‘Malaysie’ in the commentary following the protologue refers to 
the former French East Indies (French Indo-China), not the modern country of Malaysia. ‘Vallee du Kamly’ 

refers to the modern-day Cam Ly or Camly River. It rises on the Lang-bian plateau north-east of the city of 
Dalat, in the southern highlands of Vietnam, and flows south-west for about 50 km before entering the Da 
Dang River. At the time of the collection the plateau had only recently become accessible to foreigners, and 
Dalat was a small town (Vassal 1905; see Fig. 3). The Kam-Li River at Dalat is just below 1500 m asl where it 
flows through Dalat (USAMS 1963); the contour elevations given on the map shown in Fig. 3 are about 500 
metres less than the actual elevations. 

The labels on the collections in PC give the locality as ‘Annan, Lang-bian (11°571/2' lat. N)’, at 1480 m elevation. 
The Camly valley passes through this latitude downstream of the old town site of Dalat at about 1440 m asl, 
but also within the old town site at 1485 m asl, which is in perfect agreement with the . The type locality is 
therefore most likely to be this latter site, which is in the northward-trending section of the valley immediately 
east of the stables (Ecuries de la Residence) in Fig. 3. If this is correct, the type locality in modern terms would 
be as follows: 

Vietnam, Lam Dong Province, valley of the Camly River at Dalat, 11° 57.5' N, 108° 27.7' E, 1480 m asl. 

The provincial capital of Dalat has long since swallowed up the forests that surrounded the old town, and 
the Camly River has been channelled and dammed for irrigation and hydroelectric works. Xuan Huong Lake 
now occupies the bend in the river shown in Fig. 3, and the area upstream has been turned over to farms and 

factories. The probability that the species survives at the likely type locality would be very small indeed, but it 
might well survive elsewhere in the region. 
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Dalat 

Manor Ap /Vj'! Sc/fnakfa; 

Fig. 3 Dalat and Camly (Kam-Li) River at the time of the collection of the type of Entodontopsis pygmaea. Source: Vassal 

(1905). 
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Abstract 

Plants that grow epiphytically are often adapted to hold water in a central cup or in leaf axils to maintain hydration given 

that they cannot access soil water. These bodies of water, called phytotelmata, are miniature temporary aquatic ecosystems. 

This water frequently contains a variety of microorganisms. The New Zealand native Collospermum hastatum (Colenso) 

Skottsb. (Asteliaceae) is known to hold water within the leaf axils; however, an assessment of algal communities within 

this habitat has never been undertaken. To remedy this lack of knowledge, water samples were obtained from the leaf axils 

of C. hastatum, with exotic bromeliads for comparison. Freycinetia banksii A.Cunn. and Astelia solandri A.Cunn. were also 

investigated, but did not contain sufficient water for further investigation. Urban bromeliads investigated had a wide range 

of organisms within the phytotelmata, including four genera of diatoms. No desmids were identified. Collospermum and 

Forest-sourced bromeliad water held a comparatively less diverse range of biota, with a complete lack of algal presence. 

We propose three possible explanations for this; inadequate light levels for algal growth; unsuitable phytotelmic pH; and 

low background levels of algae for dispersal within native forest environments. 

Introduction 

A common adaptation in epiphytes is the ability to hold a body of rainwater, or phytotelmata, in leaf axils or a 
central cup (Richardson 1999). Bromeliads are a frequently studied group of phytotelmic plants (Brouard et al. 
2011; Frank and Lounibos 2009; Jocque et al. 2010; Panizzo 2011). Many have leaves that grow in a characteristic 
rosette pattern, forming a central cup (Benzing 2000) and can hold large volumes of water (Brouard et al. 
2011). Within some phytotelmic species of bromeliads, trichomes toward the leaf base are adapted to utilize 
phytotelmata for hydration (Horres et al. 2007; Takahashi and Mercier 2011). Some bromeliads excrete 
mucilage containing urease and proteases into the phytotelmata (Cambui et al. 2009; Carrias et al. 2001), 
altering acidity and promoting invertebrate and plant material decay. The host plant can then acquire the 
nutrients it requires, particularly nitrogen (Takahashi and Mercier 2011; Wittman 2000). 

There is to date no published literature on the phytotelmic algae of New Zealand, and it is not known if 
water within New Zealand native epiphytes supports similar levels of algal diversity to that found in 
epiphytes elsewhere. Worldwide, only limited research into the algae of phytotelmata has been published. 
One study of bromeliad phytotelmata in Brazil recorded taxa of yellow-green algae (Xanthophyceae), 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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diatoms (Bacillariophyceae), green algae (Chlorophyceae), Ulvophyceae, and desmids (Zygnematophyceae). 
Desmids were particularly common, with 58% of algae taxa within samples belonging to this order. These 
included species of the desmids Cosmarium, Pleurotaenium, Staurastrum and Xanthidium. Although diatoms 
(Bacillariophyceae) were less prevalent, there are records of species of Aulacoseira and taxa from the order 
Pennales (Sophia et al. 2004). 

Water held within bromeliads provides a niche for both plant and animal communities. Invertebrates found 
within Amazonian bromeliads include Diptera, Coleoptera, Hymenoptera, Hemiptera, Lepidoptera (larvae), 
Odonata, Dermaptera, Blattodea, and Isoptera (Frank and Lounibos 2009; Torreias and Ferreira-Keppler 2011) 
that then support amphibia in both mature and immature states (Wittman 2000). Across Australia and Asia, 
Turbellaria, Rotifera, Nematoda, Annelida, Crustacea, Odonata, Hemiptera, Orthoptera, Diptera, Coleoptera, 
Hymenoptera, and Arachnids were present in phytotelmic habitats (Mogi 2004). This level of invertebrate 
diversity is dependent upon algae as a source of nutrition (Brouard et al. 2011). 

A range of New Zealand native plant species are known to hold water. Only Collospermum hastatum and 
Phormium tenax J.R.Forst. & G.Forst. are reported to hold water in their living leaf axils, based on studies of 
mosquito breeding habitat (Derraik 2005, 2009a,b; Derraik et al. 2005). A number of other monocotyledons 
with overlapping leaf bases exist within the New Zealand native flora (including thirteen endemic species of 
Astelia, (Moore and Edgar 1970) and two members of the Pandanaceae: the native Freycinetia banksii and the 
introduced F. arborea Gaudich. (de Lange et al. 2005). None of these have been investigated for the presence 
of phytotelmata. 

This study investigated the phytotelmata of Collospermum hastatum, Astelia solandri, and Freycinetia banksii. 
Although bromeliads are not native to New Zealand, they are a common addition to gardens and several 
species have been included in this study for comparison. 

Methods 

Species examined: Three native monocotyledons had overlapping and clasping leaf bases, morphological structures 

suitable for holding water. Collospermum hastatum is a native epiphyte previously recorded as phytotelmic. In addition 

Astelia solandri and Freycinetia banksii were examined. Several species of exotic bromeliads (Aechmea gamosepala (Wittm.) 

L.B.Sm. & W.J.Kress; Bilbergia vittata Brongniart; Neoregelia sp. L.B.Smith; and Vriesea hieroglyphica (Carriere) E.Morren) 

were included for comparison. 

Collection sites: Water samples were obtained from the native monocotyledons in forests in Clevedon, South 
Auckland (37°02'S 175° 01'E), Waitakere Ranges in West Auckland (36°53'S 174°32'E), and Maitaia, Kaipara 
Harbour in North-West Auckland (36°29'S 174°25'E). Further samples were later obtained from Great Barrier 
Island, in the Hauraki Gulf (36°10'S 175°28'E). 

Cultivated bromeliads were investigated in managed conditions in Mount Albert (36°52'S 174°42'E), and 
native forest conditions (Waitakere Ranges (36°53'S 174°32'E), and Great Barrier Island (36°18'S 175°29'E) 
were also sampled. 

Collection Method: Water samples were acquired using a modification of method of Derraik (2009b). The 
inner surface of the phytotelma were scraped using a single use, disposable 50mL pipette to loosen micro¬ 
epiphytes. A 50ml standard sample was extracted from leaf axils of the native species and a combined sample 
from the leaf axils and central cups of bromeliads. The extracted water was placed into separate bottles for 
in-laboratory investigation. 

Morphological Identification: Settled liquid removed from the bottom of each sample was mixed with a drop 
of 100% glycerol in order to decrease protist movement. Samples were investigated visually using a Meiji Techno 
MTA4000H biological microscope, with a 5.0 megapixel Infinity 1-5C camera attachment. Photographs were 
taken of taxa present, and morphological identification to genus or species level was sought using appropriate 
sources (Fogg et al. 1973; Lee 2008; Novis and Moore 2014; Baker 2012). 

pH measurement: Measurements of pH were taken with a Metier Toledo Seven Easy pH meter, calibrated to 
two decimal places. 
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Results 

Water presence: Native monocotyledons: all plants of Collospermum hastatum investigated were found to hold 
water in the leaf axils (Fig. 1). Limited success was met in obtaining samples from Freycinetia banksii, although 
some plants with an upright habit, particularly during or soon after rain, held some water. Water within 

Astelia solandri leaf axils was rare. Neither Freycinetia banksii nor Astelia solandri contained sufficient water 
for further investigation. 

Exotic bromeliads: species of Neoregelia, Vriesia, Aechmea, and Bilbergia were all found to hold water (Fig. 2). 

pH level: Summary measurements of pH are presented in Table 1 

Fig-1 . Close up view of the epiphytic Collospermum hastatum (Colenso) Skottsb., showing the water containing leaves of 

the rosette. Waiatarua, Auckland, New Zealand. 
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Phytotelmata content 

Collospermum hastatum 

None of the Collospermum hastatum samples investigated had algae present; however, the cyanobacterium 
Chroococcus sp. ciliates, pollen grains, fungal and fern spores were noted (Table 2, Figs 1, 3). 

Urban bromeliad species 

Diatoms from four genera were present, with Pinnularia being the most common. The diatom genera 
Navicula, Eunotia, and Cymbella were also identified. The colonial alga Dictyosphaerium sp. was present in 
both Neoregelia and Vriesia urban populations, but was more prevalent in the latter (Table 2, Fig. 3). 

Other organisms and biological material present included the protozoa Vorticella sp., the euglenoid 
Lepocinclis acus (O.F.Miiller) Marin & Melkonian and several ciliates including Paramecium spp. as well as 
fungi, pollen grains, and trichomes from Solanum mauritianum Scop. 

Forest-sourced bromeliad species 

Bromeliad water sourced from areas of native forest did not contain algae. However, the cyanobacterium 
Chroococcus sp was present in small numbers, as were non-photosynthetic microorganisms, such as Paramecium 
sp. and fern spores and pollen grains. 

Discussion 

Although common in urban Bromeliads, diatoms were absent from all Collospermum plants investigated in this 
study. We consider three possible explanations for this. First, that light levels in Collospermum phytotelmata 
may be insufficient for algal growth. Second, that the pH of Collospermum phytotelmata may be unsuitable 

Fig. 2. Close up view of Aechmea gamosepala Wittm., showing the leaf rosette and water reservoir. The species is an 

endemic of Southern Brazil here grown under native forest at Waiataurua, Auckland, New Zealand. 
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for the growth and reproduction of diatoms and/or desmids. Third, diatoms and desmids may be unable to 
disperse to Collospermum phytotelmata in native forest sites. 

Insufficient light levels, particularly in the basal section of Collospermum may inhibit algal growth. Tank 
bromeliads, such as the species examined in this study, are morphologically suited to hold water due to their 
rosette leaf pattern with overlapping and clasping leaves, which has not only a central cup but also openly 
spread leaf axils. This leaf pattern may allow higher levels of light to be transmitted into the phytotelma, 
providing sufficient light for photosynthetic microorganisms (see Fig. 2). In contrast, Collospermum hastatum 
has no central cup and holds water only in the bases of closely overlapping and clasping leaves (Fig. 1). In 
addition, the basal section of C. hastatum has black pigmentation, which appears to reduce light transmission. 

These morphological features that allow water retention, especially the closeness of the leaves, may decrease 
light in the basal section. Low light levels would not provide a suitable environment for algae to thrive in, a 
factor explored in previous phytotelma investigations which found bromeliads in more shaded areas to have 
much lower, or in some cases no, algal presence (Sophia et al. 2004). 

Alternatively, the phytotelma pH in Collospermum may be unsuitable for algal survival and growth, with 
algae failing to reach visually detectable levels. Although we were not able to find research on the effect 
phytotelmic pH has on algal assemblages, freshwater algal communities have been noted as pH-sensitive within 
New Zealand lakes (Stephens 2011) and streams (Schowe et al. 2013). Some species of the diatom genera 
Eunotia and Pinnularia have been found to be acidobiontic (Hill et al. 2001; Chen et al. 2014), while species 
of Cymbella and Navicula have been reported as being intolerant of low pH (Hill et al. 2001). Of the other 
genera found in this study, some species of Chroococcus (Findlay and Kasian 1986), Dictyosphaerium (Pereira 
et al. 2013), Lepocinclis (Hrdinka et al. 2013), Paramecium (Heydarnejad 2008) and Vorticella (Green and 
Kramadibrata 1988) are known to be tolerant of acid conditions. Acidic phytotelma is common in bromeliads, 
primarily because of organic debris and microorganisms within the tank, as well as chemical output of the 
plant itself (Jocque and Kolby 2012). An investigation of bromeliad acidity by Lopez (2014) found that washed 
bromeliad tanks, filled with near-neutral solution experienced a decrease in pH within six days. 

Within this study, all water samples from bromeliad genera from both urban and forest-source populations 
were found to be acidic (x=pH 5.70, o=0.9), with those of Collospermum phytotelmata being slightly lower 
(jc=pH 5.08, a=0.6); (local rain water having a pH 6.20). The cause of the pH decrease in phytotelmic water 
pH in Collospermum hastatum is unknown and it is not known if the trichomes in Collospermum leaf axils 
secrete mucilage. 

Fig. 3. Sample organisms associated with 

photylelmata. a, Eunotia (right), and 

Chroococcus sp. (lower) in a sample from 

Neoregelia. Scale 5pm. b, Chroococcus sp. 

(left) and Pinnularia (middle) from the 

same sample as in Fig. 3a. Scale 10pm. 

c, Dictyosphaerium sp. in a sample from 

Vriesia. Scale 10pm. 
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The third and final possibility considered is that diatoms and desmids maybe unable to disperse to Collospermum 
phytotelmata in native forest sites. While we were unable to find literature on the presence of diatoms and/or 
desmids specifically in the New Zealand forest environment, there is extensive literature on their presence in 
New Zealand freshwater lakes, streams, and wetland environments (Stephens 2011; Croasdale and Flint 1986; 
Kilroy and Sorrell 2013). Within Lake Pupuke, Auckland, Cassie (1989) recorded 96 taxa of algae, including 
30 diatom taxa. Furthermore, a survey by the National Institute of Water and Atmospheric Research (NIWA 
2014) recorded the presence of diatoms, including Eunotia spp. and Pinnularia spp. within West Auckland 
(Te Henga) sediment. Algae and their resting spores are potentially known to become airborne (Novis et al. 
2008), and cultured aerobiological samples are reported from the Indian subcontinent, to produce complex 
algal colonies (Sharma and Singh 2010). Various authors have also discussed the likely passive dispersal of 
diatoms and other algae by insects (Milliger et al. 1971; Revill et al. 1967). It is known that mosquitoes in 
particular use Collospermum and bromeliads for the larval stage of their lifecycle (Derraik and Fleath 2005). In 
a survey in the Auckland region, Derraik et al. (2005) observed native mosquito species within West Auckland 
forest environments, and introduced species in all sampled urban areas. These observations suggest that 
possible modes of dispersal (including wind) should be available in the environment where Collospermum 
exists. We found that bromeliads cultivated in forested environments lacked diatoms and desmids. Given that 
bromeliads grown in relatively shaded urban conditions such as those also covered in this study do possess an 
extensive algal assemblage, this may imply that the dispersal/penetration of diatom and desmid propagules is 
low or negligible in native forest sites. 

Despite the lack of desmids and diatoms in the phytotelmata of Collospermum, the presence of cyanobacteria, 
ciliates and fungi indicates that a distinct community exists. Similarly, a Brazilian study of bromeliads in 
shaded environments found an abundance of aquatic fungi, but rarely any algae (Sophia et al., 2004). These 
organisms are not easily identified by traditional methods. Consequently we are in the process of investigating 
the same phytotelmata using high throughput DNA sequencing. 

Taxon pH 

Mean G Range n 

Collospermum hastatum 5.08 0.55 4.26-6.00 11 

Aechmea gamosepala 5.78 1 

Bilbergia vittata 6.07 0.52 5.71-6.44 2 

Neoregelia sp 6.18 1.06 5.61-6.98 6 

Vriesea hieroglyphica 5.34 1.15 4.53-6.16 2 

Table 1 The variation of the pH of water from Collospermum hastatum, Aechmea gamosepala; Bilbergia vittata; 
Neoregelia sp.; and Vriesea hieroglyphica. o = variance; n = sample size 

Summary of organisms and other biological material present in phytotelmata 

Host plants 

Bromeliaceae 

Neoregelia spp 

Aechmea spp. 

Bilbergia spp. 
Vriesia sp 

Asteliaceae 

Algae 

Pinnularia sp. 

Navicula sp. 

Eunotia sp. 
Cymbella sp. 

Dictyosphaerium sp 

Other 

Chroococcus sp 

Lepocinclis acus 
Paramecium sp. 

Vorticella sp. 

Trichomes (Solanum muritianum) 

Collospermum hastatum Chroococcus sp. 

Alternaria sp. 

Unidentified fungi 

Fern spores (Dicksonia sguarrosa, Cyathea 
spp.) 

Pollen grains (Dacrydium) 

Table 2. General summary of organisms and other biological material extracted from cultivated Bromeliads and the NZ 
native Collospermum hastatum. A full list of material based on a host species is available from the authors Ornagisms. 
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Abstract 

Of the seven species that occur in southern Africa, Metzgeria quadrifaria and M. saxbyi are endemic to mainland Africa 

and M. madagassa and M. nudifrons are also known from the East African Islands. Metzgeria madagassa and M. quadrifaria 

are described, illustrated and distribution maps provided. Metzgeria nudifrons is newly reported from Gauteng and 

M. saxbyi from Gauteng and KwaZulu-Natal Provinces of South Africa. Updated distribution maps are provided. 

Introduction 

A historical review and taxonomic account of the family Metzgeriaceae and the genus Metzgeria in the area 
covered by the ‘Flora of southern Africa (FSA), as well as a key to species, were presented by Phephu and 
Van Rooy (2013). We recognize seven species of Metzgeria in southern Africa of which two (M. quadrifaria 
and M. saxbyi) are endemic to mainland Africa, two (M. madagassa and M. nudifrons) also occur on the East 
African islands and three (M. consanguinea Schiffn., M. furcata (L.) Dumort and M. leptoneura Spruce) are 
widespread, mainly pantropical in distribution (So 2004, Wigginton 2009). The aim of this paper is to revise 
and update the nomenclature, taxonomy and geographical distribution of the species restricted to Africa and 
the East African Islands. 

1. Metzgeria madagassa Stephani, Bulletin de VHerbier Boissier 7: 944 (1899), So New Zealand Journal of 
Botany 42: 286 (2004). 

Type: Madagascar: Besson s.n. (lecto: G!; isolecto: FH). Residual syntypes: Madagascar: Sikora 108 (BM, 
FH); Mascarenes: Bourbon, Rodriguez s.n. (G!), Maurice, Robillard s.n. (FH); Tanzania: Flora von Usambara, 
Maromboi, C. Holst 9055,10 Aug 1893 (G!, BM, EGR, HBG, FI, M0053659, W6634). 

Metzgeria camerunensis Stephani, Bulletin de VHerbier Boissier 7: 945 (1899). 

Type: Cameroon: Ekundu pagum, c. 300 metra supra mare in truncis ramisque die 27 m, P. Dusen 106, 
Oct 1890 (holo: G!). 

Metzgeria limbato-setosa Stephani, WissenschaftlicheErgebnisseDerDeutschenXentral-Afrika-Expedition 2: 111 
(1910,1911). 

Type: Rwanda: Rugege-Wald, Kiwu See, Mildbraed 844,1907 (holo: G!). 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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Plants yellowish green, turning faint bluish in herbarium, robust. Thallus rather large, up to 20-50 mm long, 

0.4-1.7 mm wide, flat or weakly to strongly recurved; branches irregularly dichotomous, ventral branches 
frequent; wing (8—) 10—15(—20) cells wide from midrib to margin; apex broadly obtuse, furcate; margins 
recurved or plane, hairy; costa 0.08-0.14 mm wide, dorsal cells 2 or 3, ventral cells 2-3(-5), internal medullary 
cells (10-) 16-30, in 4 rows, thick-walled; laminal cells 15-60 x 40-80 pm, smooth; hairs often paired, lacking 
on dorsal thallus face, sparse to dense on ventral face of thallus, ventral costa and thallus margins, thallus 
marginal hairs 0.03-0.1 mm long, geminate, costal hairs 0.1-0.25 mm long. Gemmae round or oval to thallus- 
like, flat, margins hairy, hairs single, arise from thallus margins. 

Dioicous. Male branches 0.1-0.3 mm wide, globose, glabrous; female branches 0.2-0.4 x 3 mm, cordate, 
obovate, hairs (0.06-)0.1-0.16(-0.3) mm long; calyptra 0.2 mm long, hairy; capsule and spores not seen. 

(Fig. 1). 

Distribution and ecology: The species was previously known from the KwaZulu-Natal, Western Cape and 
Eastern Cape Provinces of South Africa, but now also reported from Limpopo and Mpumalanga (Fig. 2). 
Metzgeria madagassa shares a distribution pattern with mosses of the Afromontane Forest Element of Van 
Rooy and Van Wyk (2011) and more specifically the Widespread Afromontane Subelement. Species in this 
group are widespread throughout the Afromontane (bryofloristic) Region (Van Rooy and Van Wyk 2010). 

This species is also known from Malawi, Cameroon, Nigeria, Liberia, Ethiopia, Democratic Republic of 
Congo, Rwanda, Burundi, Zimbabwe, Mozambique, Tanzania and Uganda as well as the East African islands 
of Madagascar, Mauritius and Seychelles. In southern Africa M. madagassa is found in montane forests and 
wooded kloofs, on trees and shrubs, at 300-1829 m. 

Specimens examined: SOUTH AFRICA: Limpopo: Wolkberg, Wildernis area, Wonderwoud, 2330CC, A. Veltman & 

M. Potgieter 135,2 Jul 1993 (PRE). Eastern Cape: Steytlerville, Hankey, 3324DD, 457 m,/. Sim CHI427, Jan 1927 (PRE); Pirie, 

3227CC, T.R. Sim CH 1440 (PRE); Hogsback, 3226DB, E.M. Young 1101, Dec 1926 (PRE). KwaZulu-Natal: Edendale, 

2930CB, T.R. Sim 1111, Jan 1916 (PRE); Zwaartkop, 2830CB, T.R. Sim 35, 1914 (PRE); Zwaartkop, 2830CB, T.R. Sim 

CH1434, CH1435 and CH1325, Apr 1915 (PRE); Polela, 2929CB, T.R. Sim CH1432, Jun 1915 (PRE); Koodoo Bush, 

Mount aux Sources, 2829CC, T.R. Sim CH1410, Jul 1921 (PRE); Donnybrook District, 2929DD, E.J. Scott CH3757, 

Dec 1945 (PRE); Buccleuch, 2930AD, T.R. Sim CH1407 (PRE). Mpumalanga: Buffelskloof Nature Reserve, along the path 

to Calodendrum Falls, 2530BC, 1754 m, M. Koekemoer 2245, 17 Feb 2002 (PRE); Rosehaugh, 2530BD, T.R. Sim CH1408, 

Dec 1914 (PRE). Western Cape: Cape Town, Table Mountain, Skeleton Gorge, 3318CD, J.W. Bews CH1433, Jan 1916 (PRE); 

Kalk Bay, 3418AB, G. Potts CH1421, Jan 1917 (PRE). 

Additional specimens examined: CAMEROON: Preuss s.n. (BM); Yumbo, 1080 m, P. Dusen 652, Apr 1892, (G); 

Mt Cameroon, Ad Bibundi pagum in trincus arborum, P. Dusen 935, 19 Jul 1892 (G); Ad Bibundi pagum in trincus 

arborum die 3 m, P. Dusen 412, Sept 1891 (G); in montibus Rumpi ad jumbo pagum c. 1100 inter impra nare in ramntis 

arborum, P. Dusen 929, 17 Apr 1892 (G). DEMOCRATIC REPUBLIC OF CONGO: Hanley Pool, Leidieu s.n. (BM). 

LOANGO COAST: Micholotz s.n. (BM). 

Notes: Arnell (1963) recognized two species originally described from Cameroon, viz. M. camerunensis 
Stephani and M. limbato-setosa Stephani, both which were reduced to synonymy under M. madagassa by 

So (2004). This synonymy is confirmed here. Metzgeria madagassa is easily confused with M. furcata but is 
recognized by recurved (though not always) thallus margins and paired bristle-like marginal hairs. 

2. Metzgeria nudifrons Stephani, Hedwigia 31: 126 (1892). So New Zealand Journal of Botany 42: 286 (2004); 
Wigginton, Tropical Bryology Research Reports 8: 65 (2009); Phephu and van Rooy, Polish Botanical Journal 
58(2): 451 (2013). 

Type: South Africa: Cape Town, A. Rehmann s.n. (lecto: G 00045406!; isolecto: BM!). 

Nomenclature and taxonomy: The taxon was treated in detail by Phephu and van Rooy (2013). It is 
characterized by distinctly broad costa, hairy male branchlets, gemmae on the dorsal surface of the thallus and 
single, straight hairs on ventral face and margins of the thallus. 

Distribution: It was previously known from Limpopo, KwaZulu-Natal, Western Cape and Eastern Cape 
Provinces of South Africa as well as Lesotho (Fig. 3). The species is here also reported from Gauteng, where it 
was found in relatively dry woodlands. 

Specimens examined: SOUTH AFRICA: Gauteng: Hartebeeshoek Satellite Tracking Station, 2527DC, on rock boulder, 

± 1459 m, /. van Rooy 3967 & 3974,22 Mar 2001 (PRE). 
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Fig. 1. Metzgeria madagassa Stephani: A, B, Thallus; C, Thallus marginal hairs; D, Cross section of costa; E, Laminal cells; 

F, Male branch; G, Antheridium; H, Female branch; I, Involucre with calyptra. A, B, C, D, F, G from M.Koekemoer 2245 

(PRE); E from T.R. Sim CH1407 (PRE); H from Young 1101 (PRE); I from Sim CH1440 (PRE). 
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Fig. 2. Distribution map of Metzgeria madagassa Stephani in South Africa. 

Fig. 3. Distribution map of Metzgeria nudifrons Stephani in southern Africa. 
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3. Metzgeria quadrifaria Stephani, Bulletin de VHerbier Boissier 7: 953 (1899); So, New Zealand Journal of 
Botany 42: 286 (2004). 

Type: Somalia: Giaribule, G.-D. Riva 82 p.p., 20 Sep 1893 (holo: G!; iso: FH). 

Plants yellowish green, often bluish in herbarium specimens, rather large, often strongly attached to 

substrate. Thallus 25-60 mm long, 0.7-2.5 mm wide, strongly convex; branches irregularly branched or 
dichotomous; wing 14-31 cells wide from midrib to margin; apex broadly obtuse, furcate; margins inrolled 
or strongly concave, almost tubular, almost nude to hairy; costa 0.1-0.2 mm wide, distinctly massive, dorsal 
cells (3-)5, ventral cells (3-)5-8, medullary cells 24-30 in 3-5 rows; laminal cells polygonal or hexagonal, 
27-46 X 35-60 pm, smooth, with small to distinct trigones; hairs single or geminate, strongly curved or 
straight, 0.1-0.23 (-0.3) mm long, on thallus margins, ventral face of thallus, ventral costa, lacking on dorsal 
face of thallus, costal hairs c. 0.2 mm long. Gemmae arising from thallus margins, oval or ribbon-like, flat, 
margins hairy, hairs 0.1 mm long. 

Dioicous. Male branches ±0.3 mm wide, globose, nude; female branches not seen. (Fig. 4). 

Distribution and ecology: Metzgeria quadrifaria is endemic to Africa (So 2004). In southern Africa it is known 
from the Western Cape and was also reported from Lesotho by Flodgetts et al. (1999) (Fig. 5). Unfortunately, 
the Lesotho specimen could not be located and it is unclear whether So (2004) actually examined it. 
The species is also known from Cameroon, Democratic Republic of Congo, Kenya, Madagascar, Tanzania, 
Uganda, Ruwenzori, Bioko and Somalia where it grows on twigs and tree bark in montane forests, at 
1400-3750 m. 

In South Africa M. quadrifaria occurs in mountain fynbos,up to 671 m above sea level, in the Cape (bryofloristic) 
Domain, a subdivision of the Afromontane Region of Van Rooy and Van Wyk (2010). The Lesotho locality, 
at 2950 m, is situated in high altitude grassland and heathland of the Drakensberg Grassland Bioregion 
(Mucina and Rutherford 2006). Bryofloristically, this area is known as the Drakensberg Alpine Domain, a 
subdivision of the Highlands Region. It is characterized by a xerophytic moss flora. 

Specimens examined: SOUTH AFRICA: Western Cape: Hermanus, 3418AC, /. Burtt Davy 18521, fan 1920 (PRE); 

Table Mountain, The Saddle, 3318CD, 671 m, T.R. Sim 1512, fan 1960 (PRE). 

Other southern African material: LESOTHO: Leribe, cliff on south side of Hlotse-Ha Lejone Road, east of pass, 2828CC, 

2950 m,/. Duckett et al. 3043b, 8 fan 1995 (herb. Hodgetts). 

Additional specimens examined: EQUATORIAL GUINEA: K. Bystrom 821 (UPS). CAMEROON: Cameroonberg, 

2377 m, Y.R. Jungner 151,1891 (BM, G12842 & G12843); in montibus Camerunensibus, supra Bueaum pugum, c. 2425 m, 

P. Dusen, 353, 18 ful 1891, (S B38012 & B38013; G12841). KENYA: Mt Kenya, Teleki Valley, Mt Elgon, in the crater alpine 

region, O. HedbergB7369, 16 May 1948 (S). 

Notes: This species is recognized by its rather long, wide thallus with obtuse, furcated apices, massive costa and 
inrolled thallus margins. 

Costa (2008), in her monograph of Neotropical Metzgeriaceae, reduced M. quadrifaria to synonymy under 
M. rufula Spruce, without indicating that she has studied African material. The occurrence of M. quadrifaria 
in the Neotropics therefore needs confirmation. 

4. Metzgeria saxbyi Pearson, Annales de Cryptogamie Exotique 4: 70 (1931); So, New Zealand Journal of Botany 
42: 288 (2004). Phephu and van Rooy, Journal of Bryology 33: 85 (2011). 

Type: Ghana: Tarkwa, Prestca District, Gold coast, H.H. Saxbyi s.n., 1910 (iso: BR!). 

Nomenclature and taxonomy: A concise description of Metzgeria saxbyi was provided by Phephu and van 
Rooy (2011). The species is characterized by its monoicy and single thallus marginal hairs. The typical male 
branch of African Metzgeria species is nude, but we recently observed some hairy male branches in Zimbabwean 
material of M. saxbyi. (Fig. 6). 

Distribution: The species was previously known only from the Western Cape and Swaziland, but is now 
also reported form KwaZulu-Natal and Gauteng (Fig. 7). Although the species has not been collected since 
1932, the localities are scattered throughout the Afromontane Region and the habitat in which it occurs is not 
particularly threatened. 

Specimens examined: SOUTH AFRICA: Gauteng: Pretoria, 2528CA, H.A. Wager CH3803, 8 fun 1928, (PRE); KwaZulu- 

Natal: Pietermaritzburg, Hilton Road, 2930CB, 1219 m, T.R. Sim, May 19211411 (PRE). Western Cape: T. ArtsRSA/08/04 (PRE); 

Cape Town, Table Mountain, Skeleton Gorge, 3318CD,J.W. Bews CH8489, fanuary 1916, (PRE). 

Additional specimens examined: ZIMBABWE: South Rhodesia, T.R. Sim 4436, ful 1920 (PRE). 
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Fig. 4. Metzgeria quadrifaria Stephani: A, Thallus; B, Thallus marginal hairs; C, Laminal cells; D, Cross section of costa; 

E, Male thallus with antheridia. A, C, D from T.R. Sim 1512 (PRE); B, E from /. BurttDavy 18521 (PRE). 

Fig. 5. Distribution map of Metzgeria quadrifaria Stephani in southern Africa. 
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Fig. 6. Metzgeria saxbyi Pearson: A, Thallus; B, Ventral surface of thallus with male and female branchlets; 

C, Marginal hairs. D, Cross section of costa; E, Laminal cells; F, Antheridia; G, Involucre with calyptra and capsule valves. 

A, B, C, F, G from J.W. Bews CH8489 (PRE); D, E from T.R. Sim 1411 (PRE). 

Fig. 7. Distribution map of Metzgeria saxbyi Pearson in southern Africa. 
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Abstract 

Several longstanding generic names in current use in the Epacridoideae (Ericaceae) are untypified: Archeria Hook.f., 

Coleanthera Stschegl., Pentachondra R.Br., and Lysinema R.Br. The typification of these names and of Astroloma R.Br., and 

Epacris pumila J.R.Forst. & G.Forst., the basionym of Pentachondra pumila (J.R.Forst. & G.Forst.) R.Br. is clarified. The 

use of the name Epacridoideae Arn. for the subfamily previously known as Styphelioideae (sensu Kron et al. 2002) is also 

briefly discussed based on changes to the International Code of Nomenclature. 

Introduction 

In undertaking a molecular phylogenetic study of the Ericaceae Durande, which aimed to sample the type 
species of each genus, we became aware that several generic names in current use in Ericaceae subfamily 
Epacridoideae are untypified, namely Andersonia R.Br., Archeria Hook.f., Coleanthera Stschegl., Pentachondra 
R.Br., and Lysinema R.Br. This paper clarifies the typification of all but the first (.Andersonia) of these genera, of 
Astroloma R.Br., and of Epacris pumila J.R.Forst. & G.Forst., the basionym of Pentachondra pumila (J.R.Forst. 
& G.Forst.) R.Br. upon which Pentachondra is herein typified. 

Typifications 

Archeria Hook.f. The botany of the Antarctic voyage of H.M. Discovery ships Erebus and Terror. III. Flora 
Tasmaniae 1(4): 262, t. 80, 81 (1857) 

Type (designated here): A. hirtella Hook.f. 

Notes: Archeria comprises seven species in Tasmania and New Zealand (Allan 1961; Curtis 1963; Baker and de 
Salas 2013). Four of the five Tasmanian species (A. eriocarpa Hook.f., A. hirtella (Hook.f.) Hook.f., A. minor 

Hook.f. and A. serpyllifolia Hook.f.) were described by Hooker in 1857 (Hooker 1857), the two New Zealand 
species (A. traversii Hook.f. and A. racemosa Hook.f.) were described seven years later (Hooker 1864) and the 
fifth Tasmanian species (A. comberi Melville) nearly a century later (Melville 1957). Since A. hirtella was the 
first species to be described (as Epacris hirtella Hook.f. London Journal of Botany 6:271,1847) it is here selected 
as type of Archeria, thus also typifying Archerieae (Crayn and Quinn 1998). 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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Astroloma R.Br. Prodromus Florae Novae Hollandiae: 538 (1810) 

Type (designated by Sleumer 1963: 146): A. humifusum (Cav.) R.Br. 

Notes: Astroloma was erected by Brown (1810) for six species, one (A. humifusum) transferred from Ventenatia 
Cav. and five new (A. compactum, A. denticulatum, A. pallidum, A. prostratum and A. tectum). However, Brown 

did not designate a type for Astroloma R.Br. Sleumer (1963) followed Drude (1897) in reducing Astroloma to 
a section of Styphelia subgenus Styphelia; he formally lectotypified sect. Astroloma on S. humifusa (Cav.) Pers. 

Recent work (e.g. Quinn et al. 2003; Johnson et al. 2012) has highlighted the polyphyly of the genus Astroloma 
and a significant re-arrangement of the species is pending. 

Coleanthera Stschegl. Bulletin de la Societe Imperiale des Naturalistes de Moscou 32(1): 4 (1859) 

Type (designated here): C. myrtoides Stschegl. 

Notes: In erecting Coleanthera, Stschegleew (1859) described two species: C. myrtoides and C. virgata. Bentham 
(1869) later transferred Leucopogon coelophyllus A.Cunn. ex DC. to the genus as C. coelophylla (A.Cunn. ex 
DC.) Benth. Since C. virgata is extinct (Australian Government 1999), C. myrtoides is here selected as the 
lectotype. 

Pentachondra R.Br. Prodromus Florae Novae Flollandiae: 549 (1810) 

Type (designated here): P. pumila (J.R.Forst. & G.Forst) R.Br. 

Notes: Pentachondra R.Br. was erected for two species, P. involucrata R.Br. and P. pumila (J.R.Forst. & G.Forst.) 
R.Br. The latter species is widespread in southeastern Australian and New Zealand montane heaths, and is the 
obvious choice for the lectotype. However, the basionym, Epacris pumila J.R.Forst. & G.Forst., is untypified. 
In transferring E. pumila to Pentachondra Brown (1810) made reference to specimens in the herbarium of 
G. Forster in the Museum of D. Lambert. Nicholson and Fosberg (2004), having seen a range of material 

in European herbaria, considered typification of E. pumila in detail and suggested that UPS-THUNB 4331 
(.J.R. Forster s.n.) “... would make a good lectotype if one is needed.” (p. 400). Here we formally lectotypify 
E. pumila J.R.Forst. & G.Forst. based on this J.R. Forster specimen, and thereby typify P. pumila (J.R.Forst. & 
G.Forst) R.Br. alike. 

Epacris pumila J.R.Forst. & G.Forst Characteres Generum Plantarum Edn. 1: 10 (1775) 

Lectotype (designated here): J.R. Forster s.n. (UPS-THUNB 4331), fide Nicholson and Fosberg, The Forsters 
and the Botany of the Second Cook Expedition (1772-1775): 400 (2004) 

Type citation: ‘Nova Zelandia 

Lysinema R.Br. Prodromus Florae Novae Hollandiae: 552 (1810) 

Type (designated here): L. pentapetalum R.Br. 

Notes: Thiele (2009) reduced the circumscription of Browns widespread L. ciliatum R.Br. to include 
only populations from the south coast region of Western Australia, and resurrected L. pentapetalum R.Br. 
(synonymized under L. ciliatum R.Br. by Bentham, 1869) for the widely distributed plants of L. ciliatum sensu 
lato occurring beyond the south coast region. Therefore, L. pentapetalum is the common, widespread Lysinema 
occurring throughout much of South-West province of Western Australia. There is good type material of 
this species in at least BM (holotype), P and S (K. Thiele pers. comm. 2014), and it was the first listed of 
the five described under Lysinema in the protologue (Brown 1810). For these reasons L. pentapetalum is the 
appropriate choice for the lectotype. 

Notes on competing subfamily names Epacridoideae and Styphelioideae: 

Kron et al. (2002) and most authors since have treated Epacridaceae R.Br. at subfamily rank within Ericaceae 
as Styphelioideae Sweet (1828, as Stypheliae), which had priority at that rank over Epacridoideae Link 
(1829, as Epacrideae). However, a recent change to the International Code of Nomenclature (Article 19.5 of 
the Melbourne Code; McNeill et al. 2012) mandates instead that priority rests with infrafamilial names based 
on conserved family names. Since Epacridaceae R.Br. is conserved, according to Reveal (2012), Epacridoideae 
Arn. (1832) is to be adopted over the earlier Styphelioideae Sweet (1809). Reveal (2011 onward) considers 
Link’s Epacrideae (1829, treated by Kron et al. (2002) as a synonym of Styphelioideae) to be equivalent to 
a suborder and Arnott’s Epacrideae (1832) to be equivalent to a subfamily. Thus the correct name for the 
subfamily that contains Epacris Cav. is Epacridoideae Arn. 
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Abstract 

The endemic species Ditrichum tenuinerve Dixon from Tristan da Cunha is taxonomically evaluated and some details of 

its type material are illustrated. This species shares the diagnostic characters of Blindia robusta Hampe and the two species 

are considered to be conspecific. As a result of this taxonomic conclusion the global range of B. robusta is extended to the 

South Atlantic Ocean and accordingly it has to be considered as a nearly pan-south-temperate, not an amphipacific south- 

temperate species. The global distribution map for B. robusta is presented. 

Introduction 

Species of Ditrichum Hampe are prominent constituents of the moss flora of the Southern Ocean islands and 
some of them play an important role in the vegetation cover. Therefore the genus gained frequent interest of 
bryologists and is relatively well studied taxonomically in this region. In the Australasian sector it is represented 
by three species on subantarctic Macquarie Island (Seppelt 2004) and five on the Auckland and Campbell 
Islands in the south-cool-temperate zone (Vitt 1974, 1979; Ochyra and Lewis Smith 1998). In contrast, four 
species of Ditrichum have been recorded from subantarctic South Georgia (Ochyra et al. 2002) but, surprisingly, 
the genus exhibits the greatest diversity in the maritime Antarctic where six species have so far been discovered 
(Ochyra 1999; Ochyra et al. 2008a, b; Ellis et al. 2013). Finally, in the subantarctic Kerguelen biogeographical 
province six species are known to occur (Ochyra and Bednarek-Ochyra 2013; Ellis et al. 2014). 

Ditrichum is also well represented in Tristan da Cunha, an archipelago of three islands in the South Atlantic 
Ocean situated in the southern cool-temperate zone. So far, five species of this genus have been recorded in this 
island group, including D. hyalinum (Mitt.) Kuntze, D. conicum (Mont.) Mitt., D. strictum (Hook.f. & Wilson) 
Hampe, D. difficile (Duby) M.Fleisch. and D. tenuinerve Dixon (Dixon 1960). The latter is a poorly known 
species, endemic to Tristan da Cunha, which has not been taxonomically assessed since its inception. 

Characterisation and identity of Blindia tenuinervis 

Ditrichum tenuinerve was described from a single collection made at a high elevation of 2000 m in the upper 
crater lake by E. Christophersen during the Norwegian expedition of 1937-1938. In a brief diagnosis Dixon 

(1960) stated that the new species is similar to D. conicum from which it differed in the overall habit and 
subfalcate leaves. He emphasised the characteristic shape of the leaves which consisted a very narrow base 
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gradually tapering to a long, entire, capillaceous subula. In addition, he noted the characteristic leaf areolation 
of very narrow, linear basal cells, not differentiated in the angles, becoming only somewhat shorter and opaque 
distally, and the very narrow costa which was somewhat indistinct at the base. 

The overall appearance and leaf shape of Ditrichum tenuinerve are adequately described by Dixon (1960). 
The plants are medium-sized but slender, 1-2 cm tall, lustrous and forming dense, yellowish-brown to 
yellowish-green mats. The leaves (Figs 1.1-5) are 3.5-4.5 mm long, 0.3-0.5 mm wide at base, and consist of 
an erect, concave, non-decurrent, oblong-lanceolate, subclasping base, 1.2-1.5 mm long, which is gradually 
tapered to a fine subula, usually 1.5-2.5(-3) times longer than the base. The subula is entire, flexuose-secund 
to falcate secund on drying, especially at the stem apex. 

The laminal cells of Ditrichum tenuinerve are unistratose throughout. They are elongate to elongate-linear in 

the basal and median part, 60-110 pm long, 7-10 pm wide, with straight and moderately thickened walls and 
truncate cell ends (Figs 1.7-8). The cells at the shoulders are usually shorter, rectangular, 30-60 pm long, but 
otherwise similar in shape to the lower cells (Fig. 1.6). The alar cells are either undifferentiated or on some 
leaves the angular cells are somewhat shorter and wider and form a hint of auricles (Fig. 1.8). The leaf margins 
are entire and erect to indexed, as clearly visible in leaf cross-sections (Figs 1.9-15). 

The costa is single, yellow-brown, 50-60 pm wide and somewhat diffuse at the base where it is usually not 
sharply differentiated from the laminal cells. It occupies most of the width of the subula and is excurrent for 
varying lengths. It is not prominently convex on the abaxial side and in cross-section it is composed of more 
or less uniform substereid cells arranged in three layers, sometimes with an imperfect fourth layer. The costa 
lacks a distinct row of guide cells (Figs 1.9-19). The plants are entirely sterile and no sexual organs have been 
found on the type material. 

A set of the gametophyte characters immediately excludes any affinity of Ditrichum tenuinerve with D. conicum, 
considered by Dixon (1960) as its closest relative. This species has a very broad costa, 130-160 pm wide at its base, 
and a completely different leaf areolation of irregular, mostly isodiametric to shortly elongate cells throughout 
the leaf sheath. Dixon (1960) suggested also the similarity of his new species to D. hyalinocuspidatum Cardot, a 
south Georgian and Antarctic endemic (Ochyra et al. 2008a, b). Fertile plants of this species which are known 
only from maritime Antarctica, from where they were described as D. lewis-smithii Ochyra (Ochyra 1996), are 
immediately distinct in having immersed and eperistomate capsules. However, sterile plants are also readily 
distinguished by their flexuose leaf subulae, short and isodiametric, mostly rounded, quadrate or rhombic to 
shortly rectangular and variously bistratose cells at the leaf shoulders, as well as the presence of a distinct row 
of guide cells in the costa. 

The anatomy of the costa clearly precludes any alliance of Ditrichum tenuinerve with this genus. Although 
Ditrichum is primarily diagnosed by its sporophyte traits, especially the architecture of the peristome teeth, 
a characteristic feature of this genus is the presence of a distinct row of enlarged guide cells separating the 
adaxial and abaxial stereid bands, although in some species the former is absent. On the other hand, the leaf 
shape and areolation of the sheathing part and the anatomy of the costa suggest the close relationship of 
Ditrichum tenuinerve to the genus Blindia Bruch & Schimp. 

Blindia is a genus consisting of 19 species (Bartlett and Vitt 1986; Andreas 2013), predominantly distributed 
in the Southern Hemisphere. The genus is characterised primarily by the sporophyte characters, especially by 
the presence of the Seligeria-type of peristome. However, it is also distinct gametophytically from most genera 
with a Dicranum-like aspect by the costa anatomy, which is composed of uniform substereid cells lacking a 
distinct row of guide cells, and a characteristic leaf areolation of long-rectangular to linear cells with truncate 
leaf apices. 

The gametophyte characters of Ditrichum tenuinerve indicate its identity with Blindia robusta Hampe. 
This species was first recognised as Dicranum tenuifolium Hook.f. & Wilson from material collected from 
Hermite Island near Cape Horn in southern South America (Hooker and Wilson 1844). Since this name was 
an illegitimate younger homonym, the next available name for this distinct species was Blindia robusta Hampe, 
which was used for a species described from Australia (Hampe 1860). Blindia robusta is a very variable species 
with regard to development of the alar cells. In most populations they are very prominent and form large, 
coloured or hyaline auricles but in some plants they can be reduced and occupy only a small area in the 
marginal base of the leaf sheath. Finally, in some populations there is no differentiation of alar cells and 
the type material of Ditrichum tenuinerve clearly represents this group. Interestingly, the type material of 
Dicranum tenuifolium also belongs within this phenotype. 

Ditrichum tenuinerve and Blindia robusta share the shape of the leaf subula, which is distinctly falcate-secund 
and 1.5 to 2.5-3 times longer than the sheathing base. The two species are decidedly hygrophilous mosses. 
Accordingly, the following synonymy is proposed. 
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Fig-1 . Blindia robusta. 1-5. Leaves. 6. Laminal cells at leaf shoulder. 7. Mid-leaf cells. 8. Basal and alar cells. 9-19. Transverse 

sections of leaves, sequentially from base to apex. (All from Christophersen 1800b, FH, isotype of Ditrichum tenuinerve). 

Scale bars: a. 100 pm (6-8); b. 1 mm (1-5); c. 100 pm (9-19). 
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Fig. 2. Global distribution map for Blindia robusta. New locality in Tristan da Cunha marked with an asterisk. 

Blindia robusta Hampe Linnaea 30: 627 (1860). 

Type citation: In Alpibus austr., Mountain Munyang. 

Lectotype (vide Bartlett and Vitt 1986, p. 224): BM-Hampe!; isolecto: BM-Hampe!, BM!]. 

Ditrichum tenuinerve Dixon, Results of the Norwegian scientific expedition to Tristan da Cunha 48: 12 (1960). 

Type citation: Tristan da Cunha: Upper crater lake, on beach, circa 2000 m., No. 1800b. 

Lectotype (selected here): “Herb. H. N. Dixon Ref. No 1800(b) (f) Ditrichum tenuinerve Dix. sp. nov. Upper 
Crater lake, on beach, Tristan da Cunha c. 2000 m Coll. Christophersen and Mejland 18 Feb 1938 Comm. Bot. 
Mus., Oslo Type” - BM-Dixon!; isolecto: FH-Bartram! syn. nov. 

Phytogeographical consideration 

Blindia robusta has so far been considered as an amphipacific south-cool-temperate species (Fig. 2). It is 
widespread in Australasia where it is relatively common in New Zealand, ranging from southern part of the 
North Island to the Auckland Islands, on subantarctic Macquarie Island, and rather infrequent in Tasmania and 
SE Australia (Bartlett and Vitt 1986). On the opposite side of the Pacific Ocean, the species occurs in southern 
South America, where it is frequent in the Tierra del Fuego archipelago (Greene 1986; Andreas 2013), with 
an isolated station in Western Patagonia of Chile (Herzog 1954). Other Bryophyta sharing this distribution 
pattern include Hypopterygium didyctyon Mull.Hal., Lopidium concinnum (Hook.) Wilson (Kruijer 2002), 
Weymouthia mollis (Hedw.) Broth., W. billardierei (Hampe) Broth., Pyrrhobryum mnioides (Hook.) Wilson 
(Seki 1974), Bucklandiella didyma (Mont.) Bednarek-Ochyra & Ochyra (Blocked etal. 2008,2010), B. elegans 
(Mull.Hal.) Bednarek-Ochyra, Ochyra & Seppelt (Ellis et al. 2011a), and B. angustissima Bednarek-Ochyra & 
Ochyra (Bednarek-Ochyra and Ochyra 2011). 
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As a result of the present taxonomic conclusion the phytogeographical status of Blindia robusta has to be changed. 
The discovery of the species in Tristan da Cunha represents a remarkable range extension of this species which, 
accordingly, should be designated as a nearly pan-south-temperate species. The species is admittedly missing 
from mainland Africa, but there are a number of species occurring in cool-temperate regions of southern South 
America which also extend to the Tristan da Cunha group, for example Hygrodicranum falklandicum Cardot 
(Blocked et al. 2007), Dicranoloma hariotii (Miill.Hal.) Paris and D. imponens (Mont.) Broth. (Dixon 1960), 
or eventually appearing on subantarctic islands in the South Indian Ocean Province, for example Bucklandiella 
heterostichoides (Cardot) Bednarek-Ochyra & Ochyra (Blocked et al. 2009; Ellis et al. 2012a), B. striatipila 
(Cardot) Bednarek-Ochyra & Ochyra (Ellis et al. 2010,2011b, 2012b) and B. lamprocarpa (Miill.Hal.) Bednarek- 
Ochyra & Ochyra (Bednarek-Ochyra and Ochyra 1998). 
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Abstract 

Rhynchostegium muelleri A.Jaeger is transferred to Torrentaria muelleri (A.Jaeger) Ochyra & Bednarek-Ochyra 

(Brachytheciaceae). 

Introduction 

Torrentaria Ochyra is the name of a moss genus of the family Brachytheciaceae which has long been known 
as Platyhypnidium M.Fleisch. Since the latter generic name proved to be illegitimate because it included the 
lectotype of an earlier generic name, Platyhypnum Loeske, the new generic name Torrentaria was proposed to 
replace it (Ochyra 2012). Altogether 15 species were transferred to Torrentaria and these are all aquatic mosses, 
some of which are widely distributed in rheophytic habitats throughout the world. Alas, by a mischance one 
important and firmly rooted member of Platyhypnidium had not been transferred to Torrentaria and this error 
is corrected herein. 

Torrentaria muelleri (A.Jaeger) Ochyra & Bednarek-Ochyra, comb. nov. 

Rhynchostegium muelleri A.Jaeger, Bericht iiber die Thatigkeit der St. Gallischen Naturwissenschaftlichen 
Gesellschaft 1876-1877: 378 (1878) [Hypnum muelleri Sande Lac., Bryologia Javanica 2: 162, pi. 261 (1867), 
horn, illeg., non Mull.Hal. & Hampe (1855)] 

Platyhypnum muelleri (A.Jaeger) Loeske, Hedwigia 50: 243 (1911). 

Type citation: “Habitat insulam Javae, de Vriese (c. fructu); in m. [montibus] Cede et Salak, Teysmann. Sumatra: 
prov. Padang in regione superiore, Andree Wiltens.” (Dozy et al. 1867, p. 162) 

Syntypes: Indonesia: Jawa: m. Gede et Salak, Teysmann - H-BR 3235!; Java (2 specimens, 1 with sporophyte) - 
H-SOL 1105!]. 

Torrentaria muelleri is an aquatic moss widely distributed in Asia from India through the Indo-China Peninsula 
(Myanmar, Thailand, Vietnam and Malaysia) to Indonesia (Sumatera, Jawa, Sulawesi, Papua), Papua New Guinea 
and the Philippines, with northward extensions to Japan and with isolated stations in the Hawaiian Islands and 
New South Wales in eastern Australia (Ignatov et al. 1999). Herein, two additional records of this species are 
reported from Queensland, based on the specimens that the authors obtained many years ago from the late 
G.A.M. Scott and I.G. Stone. 
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AUSTRALIA, Queensland: COOK (Anonymous 1975): Mt. Bellenden Ker, Fishery Falls, lat. 17°10'56.80"S, 

long. 145°53T0.47"E, under water in waterfalls, riparian tropical rain forest, 13 Sep 1985, G.A.M. Scott 7409 
(KRAM B-87048); Downey Creek near Innisfail, lat. 17°39'S, long. 145°46'E, submerged in water, 21 Sep 1988, 
LG. Stone25090 (KRAM B-86172). 

The former genus Platyhypnidium was represented in Australia by a single species, P. austrinum (Hook.f. & 
Wilson) M.Fleisch. (Hedenas 2002). However, this species, along with Rhynchostegium muriculatum (Hook.f. 

& Wilson) Reichardt of New Zealand, is at present placed in the bitypic genus Hedenaesia Huttunen & Ignatov 
(Huttunen and Ignatov 2010). Accordingly, the genus Torrentaria, a replacement of Platyhypnidium, still consists 
of only one species in Australia. 
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Abstract 

Aongstroemia lorentzii Mull.Hal. from the central Andes of subtropical Argentina is taxonomically evaluated and some 

diagnostic traits of its type material are illustrated. This species is revealed to be inseparable from Dicranella hookeri (Mull. 

Hal.) Cardot, a pan-south-temperate species which extends into the Neotropics along the Andean chain. This discovery 

represents the first record of D. hookeri from northern Argentina and this locality bridges the continuous south-temperate 

range of the species, extending from Tierra del Fuego to central Chile, with its altimontane stations in Bolivia. 

Introduction 

Dicranella hookeri (Mull.Hal.) Cardot is a pan-south-temperate species which has optimum occurrence in 
cool-temperate regions in the Southern Hemisphere (Ochyra etal. 2008a, b, 2013; Larrain etal. 2010). In South 
America it is particularly frequent in the Nothofagus zone on the western fringes of the continent, from the 
Valdivian region in Chile at latitudes of c. 37°S to Tierra del Fuego (Greene 1986), but it extends northwards to 
Elquin Province in the northern part of Coquimbo Region (V) at latitudes of c. 30°S (He 1998; Muller 2009). 
In addition, in the American sector its range covers the Falkland Islands (Matteri 1986), subantarctic South 
Georgia (Newton 1977) and the northern maritime Antarctic (Ochyra et ad. 2008a, b). As is the case with many 
south-cool-adapted species, D. hookeri extends northwards into the Neotropics along the Andean chain, where 
it occurs at altimontane elevations. So far, the species was known from the central Andes of Bolivia (Churchill 
et al. 2000) and Peru (Blocked et al. 2007) and the northern Andres of Ecuador, Colombia and Venezuela 
(Churchill et al. 2000). 

Apart from the Andes, Dicranella hookeri was also reported from Brazil (Delgadillo et al. 1995; Yano 1996) but 
without indicating the source of this record. It seems to be a dubious record since the species is not listed in the 
latest checklist of Brazilian mosses (Costa et al. 2011). These authors reported the species also from the West 
Indies, but again without a reference to the original report or the citation of specimens. It is likely that these 
reports are a result of taxonomic and nomenclatural confusion introduced by Mitten (1869) who considered 
D. hookeri to be conspecific with Anisothecium jamesonii Mitt., although the latter is actually identical to 
D. vaginata (Hook.) Cardot, a distinct neotropical species, occurring from Mexico to Peru and SE Brazil (Yano 
1981; Allen 1994; Churchill et al. 2000). 
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According to Churchill et al. (2000), the altitudinal range of the species extends in the Andes from 2250 m in 
Bolivia to 4100 m in Ecuador and Colombia. However, the highest known locality of D. hookeri is in Bolivia 
at an elevation of ca 4500 m, in Los Andes Province in Departamento La Paz, where the moss was collected 
along a trail between Laguna Tuni and a pass between Cerro Jisthana and Nevado Huayna Potosi (Marco Lewis 
82-350, KRAM as Dicranella cardotii (R.Br.bis) Dixon). 

Dicranella hookeri is a variable species, although its variation refers mostly to the overall appearance and size of 
the plants, as well as the leaf stance and length. Lor that reason various phenotypes of this species originating 
from different parts of the world were often given taxonomic recognition as separate species or infraspecific 
taxa (Matteri and Ochyra 1999; Ochyra 1999). Nevertheless its essential diagnostic features remain relatively 
stable. The species is distinguished by its long, widely spaced and erect-spreading leaves which consist of a 
loosely sheathing base gradually, or less often abruptly, narrowed into a channelled subula ending with an 
acute or obtuse apex. In addition, the laminal cells are smooth throughout and unistratose in the vaginant base 
and variously bistratose at the shoulders and in the subula. 

During the course of the present study the original material of Aongstroemia lorentzii Miill.Hal. was located 
and taxonomically assessed. This species was described from the Andes of northern subtropical Argentina 
(Muller 1882). It was subsequently shifted between genera of dicranalean mosses, including Dicranella (Mull. 
Hal.) Schimp., Dichodontium Schimp., and Anisothecium Kindb., but it was only recently evaluated by Suarez 
et al. (2013) who considered it as a distinct species. However, on the basis of its diagnosis accompanied by a 
taxonomic discussion, one may assume that this species is closely related or identical to Dicranella hookeri. 

A taxonomic assessment of Aongstroemia lorentzii 

Aongstroemia lorentzii is primarily recognised by the characteristic shape of the leaves and their stance. 
They are widely spaced, smaller below and become progressively larger towards the stem tip, 1.4-1.8 mm long and 
0.5-0.6 mm wide at their base. They consist of a broadly ovate, oblong-ovate to nearly quadrate, loosely clasping 
base which is gradually or rather abruptly narrowed to a channeled, erect to slightly spreading, straight or 
usually altered on drying, subula about twice as long as the leaf base, having margin entire and apex obtuse to 
subacute (Ligs 1.1-2). The leaf base is not tightly appressed to the stem but erecto-patent and it is often not 
sheathing on the lower leaves or on those of innovations. 

The leaves have a single, subpercurrent costa, 60-80 pm wide proximally, clearly delimited from the laminal cells 
and merging with the bistratose laminal cells in the subula (Ligs 1.3-5). Consequently, it appears as seemingly 
filling the entire subula. The laminal cells are smooth throughout, short- to long-rectangular, 25-60 pm long, 
8-12 pm wide, unistratose, pellucid and not differentiated at the basal angles. The cells at the leaf shoulder 
are short-rectangular to subquadrate, unistratose or variously bistratose towards the costa and then relatively 
obscure (Lig.1.6). 

The type material of Aongstroemia lorentzii is in fine fruiting condition. The capsules are erect, obloid, 
0.9-1.1 mm long, symmetrical, with a stoutly rostrate operculum having an oblique beak equal to the urn in 
length. The peristome teeth are about 350 pm long, broadly triangular, divided nearly halfway to the base and 
vertically pitted-striolate on the outer surface. The spores are globose, 26-28 pm in diameter, pale brownish and 
minutely papillose. 

All the characters of Aongstroemia lorentzii fall perfectly in the range of variation of Dicranella hookeri. The type 
material of A. lorentzii and D. hookeri only differ in some minor details. The plants of the latter are smaller and 
have a straight to somewhat flexuose leaf subula, whilst plants of A. lorentzii are larger but more slender and 
have a strongly flexuose leaf subula. These features are of no special taxonomic importance and are subject to 
strong variation in changing environmental conditions. Accordingly, the names of the two species are considered 
synonymous, of which D. hookeri has priority. 

Muller (1882) compared Aongstroemia lorentzii to A. vaginata (Hook.) Miill.Hal., which is now considered 
as Dicranella vaginata, and A. jamesonii (Taylor) Miill.Hal., which are actually conspecific species (Mitten 
1869). Although D. vaginata was often confused with D. hookeri, the two species are unquestionably distinct. 
The former is immediately distinguished by having a strongly clasping leaf base, giving the stems a smooth 
julaceous look. Its vaginant leaf base forms a characteristic flange at the shoulders where it is rapidly contracted to 
a widely spreading or squarrose, setaceous subula of about the same length as the base. Moreover, the peristome 
teeth of D. vaginata are shorter, 250 pm long, reddish-brown below and hyaline above and densely papillose, and 
the spores are smaller, about 20 pm in diameter. 
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Since the type material of Aongstroemia lorentzii matches the type material of Dicranella hookeri, the following 
new synonymy is proposed. 

Dicranella hookeri (Miill.Hal.) Cardot 

Bulletin de VHerbier Boissier, Series 2, 6: 19 (1906). 

Aongstroemia hookeri Miill.Hal., Synopsis Muscorum Frondosorum 2: 607 (1851). 

Anisothecium hookeri (Miill.Hal.) Broth, in Engl., Naturlichen Pflanzenfamilien, Ed. 2,10: 178 (1924). 

Type citation: Insula Eremitae ad Cap. Horn: J. D. Hooker [Lectotype (vide Ochyra et al. 2008b: p. 167): 
BM-Wilson!; isotype: FH-Taylor!]. 

Aongstroemia lorentzii Miill.Hal., Linnaea 43: 389 (1882). 

Dicranella lorentzii (Miill.Hal.) Kindb., Enumeratio Bryinearum Exoticarum: 89 (1889). 

Dichodontium lorentzii (Miill.Hal.) Paris, Index Bryologicus: 322 (1894). 

Anisothecium lorentzii (Miill.Hal.) Broth, in Engl., Naturlichen Pflanzenfamilien, Ed. 2,10: 178 (1924). 

Fig. 1. Dicranella hookeri. 1-2. Leaves. 3-5. Transverse sections of leaves, sequentially from base to apex. 6. Laminal cells 

at leaf shoulder. (All from Lorentz s.n., without date, H-BR, isotype of Aongstroemia lorentzii). Scale bars: a. 100 pm (6); 

b. 1 mm (1,2) and 100 pm (3-5). 
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Type citation: Argentinia subtropica, Sierra de Tucuman, in alpinis „der Cienega”, 1872. [Lectotype (vide 
Suarez et al. (2013: p. 54): “Herb. Emil Bescherelle: 1900 Angstroemia (Diobelon) Lorentzii C. Mull. Sierra 
de Tucuman, in alpinis der Cienega 1872” - BM-Bescherelle!; isotype: “ab auctore Angstroemia (Dicranella) 

Lorentzii C. Mull. Argentina Tucumanensis, Sierra de Tucuman, alpina leg P. G. Lorentz com. Schliephacke” - 
H-BR!], syn. nov. 

Additional specimen examined: ARGENTINA. TucumAn, Depto. Tafl del Valle: ruta prov. 307, km 72, La Bolsa, en lecho 

del rio, alt. 2250 m a.s.l., 12 Apr 1995, Schiavone & Bissuso 1457 (KRAM). 

Phytogeographical implications 

Dicranella hookeri has hitherto been unknown in northern Argentina. Apart from the type material of 
Aongstroemia lorentzii one more specimen from this region was examined. Suarez et al. (2013) cited some 
additional specimens from the province of Tucuman but these were not available for the present study. The 
species is common in the southern part of the country in the Andean Patagonia and in Tierra del Fuego and 
extends northwards to latitudes of c. 40°S (Greene 1986). Only in Chile does it reach more northerly isolated sites 
in the Andes to latitudes of c. 30°S. Then D. hookeri recurs in the Andes of Bolivia, so its discovery in the province 
of Tucuman nicely bridges the continuous range in southern South America with isolated altimontane stations 
in the central and northern Andes. At the same time, in this region the range of D. hookeri overlaps the range 
of its tropical vicariant species, D. vaginata, which is scattered in the province of Cordoba (Housseus 1938a, b). 
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Abstract 

Five bryophytes collected during bryological forays to the Ordu and Burdur regions of Turkey were of 
particular interest. Among them, Orthotrichum hookeri, Plagiothecium neckeroideum and Thamnobryum 
neckeroides were found to be new to Turkey Orthotrichum hookeri and Plagiothecium neckeroideum are also 
new to Southwest Asia. Descriptions, illustrations, ecology, geographic distribution and comparisons with 
morphologically similar taxa are presented. Two species, Hookeria acutifolia and Orthotrichum sordidum, were 
recorded only for the second time in Turkey. 

Introduction 

In recent years, a surprising number of bryophyte taxa new to Turkey have been collected during detailed 
bryological field surveys in a diverse range of geographical locations (Batan and Ozdemir 2013a, 2013b, Batan 
et al. 2013a, 2013b, Can et al. 2013, Ezer et al. 2013, Kirmaci and Ktirschner 2013, Tongu^-Yaymta^ 2013, Uyar 
and Oren 2013, Abay and Ke^eli 2014, Ozdemir and Batan 2014, Ursava§ and Cretin 2014, Ezer et al. 2014). 

However, more studies are needed to adequately represent the complete bryophyte flora. The geography and 
climate of Turkey (Anatolia) varies remarkably across the country. Turkey has three main floristic regions: 
Euro-Siberian; Mediterranean and Irano-Turanian. Bryological surveys were carried out in southwest 
Turkey, in the vicinity of Burdur (Mediterranean Region), and in Northeast Turkey in the vicinity of Ordu 
(Euro-Siberian floristic region) near the shores of the Black Sea (Figs 1-3). 

Burdur is situated in the Taurus Mountain range and has a typical Mediterranean climate characterised by 
hot, dry summers and cool, wet winters. Burdur in Turkey has a continental Mediterranean climate with 
cold, snowy winters and very hot, long and dry summers. The mean annual temperature is 15°C and the 
temperature ranges from -16°C to 39°C. The mean annual rainfall is about 468 mm and the average humidity 
is 51.2% (Akman 1999). The researched areas, Bucak district is mountainous with much forest dominated by 
Abies, Cedrus, Ficus, Fraxinus, Juniperus, Olea, Pinus, Pistacia, Prunus, Quercus, Rhus species and alternating 
streams, lakes, dams (e.g. Karacaoren dam in Bucak district). The underforest flora is very abundant in these 
areas where the bedrock consists mainly of marble (Yazici et al. 2013). 

In contrast Ordu is situated within the Euxianian section of the Euro-Siberian floristic region. In the Ordu region 

(Turnasuyu Valley and Emine Pman), the area enjoys an oceanic rainfall regime with no dry season. The mean 
annual maximum temperature in the Ordu region is 27.5°C (in August), with mean minimum temperature 
equal to 3.9°C (February). The mean precipitation per year is 1029.2 mm, the highest precipitations occur in 
October and December and the lowest in May and July (Atalay 1994, Akman 1999, Ozdemir and Batan 2014). 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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Fig* 1 . The collection sites of reported taxa and phytogeographical regions in Turkey. Burdur, (▲) Ordu (■). 

Fig. 2. The position of Turkey in Mediterranean. Abbreviations: AL (Albania), DZ (Algeria), AD (Andorra), AZ (Azores), 

BA (Bosnia- Herzegovina), BG (Bulgaria), CN (Canary Islands), CO (Corsica), CT (Crete), HR (Croatia), CY (Cyprus), 

EG (Egypt), FR (France), GR (Greece), IL (Israel), IT (Italy, JO (Jordan), LB (Lebanon), LY (Libya), MK (Macedonia), 

MD (Madeira), MT (Malta), ME (Montenegro), MA (Morocco), PT (Portugal), SA (Sardinia), RS (Serbia), SC (Sicily), SI 

(Slovenia), ES (Spain), SY (Syria), TN (Tunisia), TR (Turkey). 
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Fig. 3. The position of Turkey in SW Asia. Abbreviations: Af: Afghanistan; Ba: Bahrain; Ir: Iran; Iq: Iraq; Is: Israel; Jo: 

Jordan; Ku: Kuwait; Le: Lebanon; Om: Aman; Qa: Qatar; SA: Saudi Arabia; Si: Sinai Peninsula/Egypt; Soc: Socotra/Yemen; 

Sy: Syria; Tu: Turkey; UAE: United Arab Emirates; Ye: Yemen. 

Material and Methods 

Orthotrichum specimens were collected during bryological research forays held in the Burdur region from 
the 18 July-09 April 2013. Thamnobryum, Plagiothecium and Hookeria specimens were collected from four 
localities in the region of Ordu between 29 June 2012 and 25 October 2013. The status of these taxa was 
evaluated by reviewing the related literature for Turkey (Uyar and Cretin 2004, Kurschner and Erdag 2005, 
Kurschner and Frey 2011), the Mediterranean (Ros et al. 2013) and Southwest Asia (Kurschner and Frey 2011). 

Voucher specimens have been deposited in the Herbarium of the Biology Department, Faculty of Science, 
Karadeniz Technical University, Turkey (KTUB) 

Results 

Orthotrichaceae 

1. Orthotrichum hookeri Mitt. Figs 4,5 

Plants medium-sized in loose tufts, olive-green to yellowish green above, brown to black below. Stems densely 
foliate, 1.8-4.3 cm long, simple or branched and with rhizoids only at the base. Feaves erect, ovate-lanceolate, 
flexuose when dry, 2-3.4 x 0.5-0.8 mm, acute or long acuminate. Feaf margin inflexed or reflexed, recurved 
at least near the base, rarely plane. Feaf apex acuminate or acute. Gemmae reddish-brown, occurring on tips 
of leaves. Nerve subpercurrent. Cells rounded-quadrate or rounded-rectangular in the upper part of the leaf, 
thick-walled, with 1 or 2 simple or branched papillae per cell; cells gradually becoming narrower toward the 
apex; cells elongate-rectangular or rhomboidal, thick-walled, porose in the lower part of the leaf, becoming 
shorter and wider toward the base, shortly rectangular at the basal margins. Alar cells sometimes differentiated, 
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Fig. 4. Orthotrichum hookeri: a,b, Habit; c, Immature capsule; d, Lateral view of the mature capsule. 

consisting of large, red cells. Perichaetial leaves similar to stem leaves. Setae c. 1.5 cm long; capsule long 
exserted, oblong-ovoid to cylindrical, smooth or furrowed when dry; peristome double; exostome teeth in 
8 pairs, reflexed when dry, densely papillose on outside. Calyptrae mitrate, hairy or rarely naked. 

Specimens examined: TURKEY (Burdur): Bucak district, Yukan Kuyuba§i Valley, 37°21'51.07"N, 30°42'15.03"E, on trunk 

of Abies, 975 m, 24 Aug 2012, N. Batan (KTUB 1580), det. Y. Jia.; Bucak district, 37°27'44.96"N, 30°34'55.84"E, on trunk of 

Juniperus, 915 m, 18 Jul 2012, N. Batan (KTUB 1581), det. Y. Jia. 

Twenty-nine species of Orthotrichum were recorded for Turkey by Uyar and Cretin (2004) and Kurschner 
and Erdag (2005), and additional species have been recorded subsequently by Lara et al. (2010) and Ezer 
et al. (2014); fifty-eight taxa are recorded for the broader Southwest Asia region (Kurschner and Frey 2011). 
Orthotrichum hookeri is distinguished from other Orthotrichum species by the lack of a puckered capsule 
mouth; double peristome, reflexed to recurved when dry; acute to acuminate leaf tips; reflexed leaf margins, 
recurved, rarely plane, near the base; very long exserted capsules. Lewinsky (1992) stated that gemmae were 
unknown from this species, but gemmae were found on leaves of the material from Turkey. Gemmae are 
normally produced the leaf apex, but only become discernible under a microscope. Gemmae are reddish- 
brown and uniseriate, linear to ellipsoid, 5-7 celled, thick-walled, 50-60 pm long. 

Ecology: Orthotrichum hookeri was collected on the trunk of Abies cilicia and Juniperus oxycedrus. 
Accompanying bryophyte species; Porella cordaeana (Huebener) Moore, Radula complanata (L.) Dumortier, 
Hypnum cupressiforme var. cupressiforme Hedw, and Hypnum cupressiforme var. resupinatum (Taylor) Schimp. 

Distribution: Orthotrichum hookeri is previously reported from China, Bhutan, Nepal and India (Jia et al. 
2011); new to Turkey (Uyar and Qetin 2004, Kurschner and Erdag 2005), the Mediterranean (Ros et al. 2013) 
and Southwest Asia (Kurschner and Frey 2011). 
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Fig. 5. Orthotrichum hookeri: a-b. Leaves; c, Apex of leaf; d, Gemma; e, Median leaf cells; f, Basal leaf cells. 

Plagiotheciaceae 

2. Plagiothecium neckeroideum Schimp. Figs 6,7 

Plants glossy, pale-green, julaceous or subjulaceous, up to 4-8 cm long, resembling a species of Neckera. 
Stems and branches complanate-foliate at least at the base. Stems with few branches, attenuate at shoot 
tip; branches complanate-foliate, 2.5-3 mm wide; leaves at middle of branches and 1.5-2 cm long. 
Leaves distinctly complanate, spreading, usually asymmetrical, rarely symmetrical, pale green or yellowish 
green, 2-3.5 mm long, weakly undulate and plant then subjulaceous with concave leaves. Leaf apex acute, 
acuminate or gradually long acuminate. Leaf base narrowly decurrent, consisting of rectangular or elongate 
cells. Leaves have fasciculate fusiform gemmae at apex. Leaf margin entire. Nerve short and forked. Cells at 
leaf apex narrowly elongate, 30-60 x 3-4 pm; mid-leaf cells linear, 65-80 x 4-5 pm; basal leaf cells narrowly 
elongate, 40-80 x 5-6 pm,. Sporophytes were not seen in these specimens in Turkey. 

Specimens examined: TURKEY (Ordu): Turnasuyu Valley, 40°52'20.37"N, 40°02'25.27"E, onwet rock, 68 m, 20 May 

2012, N. Batan and O. Ozcan (KTUB 1582), det. N. Batan & T. Ozdemir; Qamba§i High Plateau, Emine Pman Promenade 

Area, 40°43'32.83"N, 37°56'12.58"E, on wet rock and tree trunk, 1575 m, 25 Oct 2013, N. Batan and T. Ozdemir (KTUB 

1583), det. N. Batan and T. Ozdemir. 

Plagiothecium neckeroideum differs from other Plagiothecium species in the very distinctive and unusual 
fasciculate fusiform gemmae at the tips of the leaves, rhizoids at apex and its very large size. It resembles a 
species of Neckera. Plagiothecium neckeroideum is characterized by the strongly complanate and ± julaceous 
leafy stems, branches with often undulate leaves, the clear differentiation of lateral, dorsal and ventral leaves, 
and asymmetric leaves. 
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Fig. 6. Plagiothecium neckeroideum: Habit (a, wet; b, dry) 

Fig. 7. Plagiothecium neckeroideum: a-b, Stem (Branches with leaves); c-d, Leaves; e, Apex of leaf (with gemmae). 
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Ecology: Accompanying bryophyte species; Pellia endiviifolia (Dicks.) Dumortier, Conocephalum conicum 
(L.) Dumortier, Fissidens taxifolius Hedw., Hygrohypnum luridum (Schimp.) Broth., Plagiomnium rostratum 
(Schrad.) T.J.Kop. and Hookeria acutifolia Hook, et Grev. 

Distribution: Plagiothecium neckeroideum is previously known from Japan, China, Taiwan, Himalaya, Nepal, 

Thailand, Philippines, Malaysia, Indonesia, Papua New Guinea, Ethiopia, Democratic Republic of Congo, 
Russian Far East, Switzerland, Austria (Noguchi et al. 1994, Li and Ireland 2008, Ochyra and Bednarek-Ochyra 
2012). New to Turkey (Uyar and Qetin 2004, Kurschner and Erdag 2005), Mediterranean (Ros et al. 2013) and 

Southwest Asia (Kurschner and Frey 2011). 

Neckeraceae 

3. Thamnobryum neckeroides (Hook.) E. Lawton Fig. 8 

Plants green to dark green, slightly glossy, dendroid, 3-3.5 cm long. Growth habit similar to that of Isothecium 
spp.. Shoots sparsely to pinnately branched, commonly branched near the apex; branches 8-12 mm long. Stem 
leaves 1.6-2.2 mm long, ovate to widely ovate, with broadly acute to subobtuse apex. Branch leaves resembling 
stem leaves but smaller and usually bent towards stem, generally carinate near the apex. Nerve stout, bent, 
gradually narrowing distally, usually toothed at back with 1-3 celled teeth, ending near the leaf apex. Leaf 
margins plane, roughly serrate near the apex, serrulate in mid-leaf and nearly entire at base of leaf. Median 
laminal cells mostly rhombic, 15-30 x 6-10 pm, moderately thick-walled and smooth. Mid-leaf cells near 
the costa with longest axes mostly parallel to costa. Basal laminal cells near costa elongate, rectangular, thick- 
walled; basal marginal cells indistinctly shorter. Sporophytes not seen in this Turkish specimen. 

Specimen examined: TURKEY (Ordu): Turnasuyu Valley, 36°56'59.32"N / 29°27'40.68"E, on soil, rocky area, 
1373m, 29 Jun 2012, N. Batan and O. Ozcan (KTUB 1584), det. N. Batan. 

Thamnobryum neckeroides is very similar to T. alopecurum, T. coreanum and T. subserratum. T. neckeroides 
is distinguished from T. alopecurum in having more strongly concave leaves, widely acute to subobtuse leaf 
apices; costa dorsally serrate, often with multicellular lamellate projections (Ignatova and Ignatov 2011). 
Thamnobryum neckeroides resembles T. coreanum in terms of habit, plant size, leaf shape and costal structure. 
Plants of T. neckeroides are glossy; those of T. coreanum are dull. Leaf cells of T. neckeroides have clear areolation 
and are smooth; areolation of T. coreanum is obscured by mamillose laminal cells (Ignatova and Ignatov 
2011). T. neckeroides is difficult to separate from T. subserratum but trapezoidal or rhomboidal laminal cells 
with longest axes mostly parallel to costa in T. neckeroides help to differentiate this species from T. subserratum 
which has elongate rectangular laminal cells in mid-leaf near the costa, forming oblique angles to the costa. 
Additionally T. subserratum is autoicous; T. neckeroides is dioicous (Ignatova and Ignatov 2011). 

Ecology: Accompanying moss species: Brachythecium rutabulum (Hedw.) Schimp., Anomodon viticulosus 
(Hedw.) Hook. & Taylor, and Neckera complanata (Hedw.) Huebener. 

Distribution Thamnobryum neckeroides is previously reported from western and eastern North America, 
South Korea, China, Russian Far East, India, southern Siberia, one disjunct locality in the north of Eastern 
Siberia, Abkhazia, Ukraine, Europe including the Czech Republic, Germany, Austria, Latvia and Italy, and New 
Zealand in the southern hemisphere (Mastracci 2003, Frey et al. 2006, Ignatova and Ignatov 2011). New to 
Turkey (Uyar and Qetin 2004, Kurschner and Erdag 2005, Kurschner and Frey 2011). 

Orthotrichaceae 

4. Orthotrichum sordidum Lesq. & James 

O. sordidum is a panholarctic disjunct species reported from eastern and western North America (including, 
Alaska), Greenland, China, Kazakhstan, Japan and Armenia, (Lara et al. 2010; Jia et al. 2011). This is the second 
record of O. sordidum from Turkey, collected in Burdur Province of south west Anatolia where it was growing 
on Juniperus sp. 

The first record of O. sordidum from Turkey (Trabzon province, in north eastern Anatolia) was made by Lara 
etal. (2010). 

Specimen examined: TURKEY (Burdur): Bucak district, Yukan kuyuba§i Valley, 37°21'51.07"N, 30°42'15.03"E, on trunk 

of Juniperus, 975 m, 24 Aug 2012, N. Batan (KTUB 1585), det. Y. Jia. 
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Fig. 8. Thamnobryum neckeroides: a, Habit; b, Leaf; c, Apex of leaf; d. Basal leaf cells; e, Laminal cells; f, Median 
leaf cells. 

Hookeriaceae 

5. Hookeria acutifolia Hook, et Grev. 

Hookeria acutifolia is a warm-temperate species and is previously reported from north, central and south 
America, widely dispersed throughout south-east Asia, Russia, Georgia, Turkey and is curiously lacking from 
north Africa and Europe. H. acutifolia was noted for the first time from the northeast of Turkey (Trabzon, 
Qamburnu) by Uyar and Oren (2013). Our collection of H. acutifolia is only the second record from Turkey 
(Ordu Province). 

Specimen examined: TURKEY (Ordu): Gamba§i high plateau (Emine pman), 40°43'37.42"N, 37°55'41.98"E, on wet rock, 

1612 m, 25 Oct 2013, N. Batan and T. Ozdemir (KTUB 1586), det. N. Batan and T. Ozdemir. 
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Abstract 

Two new species, Isotropis browniae and I. faucicola (Fabaceae) are described from the Victoria River region of the 

Northern Territory and adjacent Kimberley region in Western Australia. Distribution maps, conservation status and the 

morphological similarities with the related species I. atropurpurea, are presented. 

Introduction 

Isotropis Benth. is a small Australian endemic genus of thirteen currently recognised species. The majority of 
the species occur in either arid or dry tropical Australia, although four species do occur in temperate Australia. 
The genus is delineated by the following suite of characters: herbs or subshrubs; simple or unifoliolate leaves; 
calyx tube shorter than lobes or almost absent; ovary pubescent; fruit a turgid pod that is linear to oblong; 
seeds 4 to many, aril absent. On the analysis of the tribe Mirbelieae (Crisp and Weston 1987), Isotropis belongs 
to the Daviesia group, although its position was not highly supported. 

The genus was first described by Bentham in 1837 based on material collected by Hiigel in the King George 
Sound (Albany) region. The closest to a full revision of the genus was carried out by Bentham (1864) who 
recognised seven species. Various authors have described additional species or subspecies since 1864 with the 
most recent being by Maconochie (1980), Crisp (1984) and Keighery (2001), bringing the total to thirteen. 

Both species described here are the result of recent collecting activities either in the form of a targeted rare 
species survey in the Victoria River region or species inventory of poorly known conservation reserves. The 

Northern Territory Herbarium staff recognised these as putatively undescribed taxa and raised informal 
phrase’ names. 

The botanical bioregions used in this paper follow Chippendale (1971) for the Northern Territory and 
Thackway and Cresswell (1995) for Western Australia. 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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Description of new species 

Isotropis browniae Jobson, sp. nov. Figs 1-3,7 

Informal name: Isotropis sp. Spirit Hills (D.J. Dixon 1632) NT Herbarium 

Diagnosis: Annual; stems, leaves and calyx covered in crisped to arcuate, shining loosely appressed hairs, 
often with an overlayer of twisted, spreading hairs; margin of bract and bracteole with hardened red-brown 

protuberances; flowers with corolla orange-red; seed surface cancellate. 

Type: Australia: Northern Territory: Victoria River: Keep River National Park, Spirit Hills [precise locality 
withheld for conservation reasons], 25 Mar 2009,1.D. Cowie 12333 (holo: DNA DO 191305; iso: AD, B, BRI, 
CANB, K, L, MEL, MO, NSW, NT, PERTH). 

Erect single stemmed annual, 0.5-1 m high. Stems green to green-yellow, covered in crisped to arcuate, shiny 
loosely appressed hairs, often with sparse overlayer of twisted spreading hairs. Branches and branchlets green 
to green-yellow, closely ribbed, stems hairy, but surface not completely obscured, surface colliculate. Hairs 
on stems, petiole, lamina surfaces, rhachis, pedicels, adaxial surface of bracts, and calyx covered in crisped to 
arcuate, shiny loosely appressed hairs; lamina surface often also with a sparse overlayer of twisted spreading 
hairs on both surfaces, although adaxial surface with fewer hairs than abaxial surface; calyx also having sparse 
overlayer of longer twisted spreading hairs, longer hairs to 0.25 mm long. Leaves spreading to patent, rarely 
deflexed, ovate to broad ovate, unifoliolate; petiole green-yellow, 8-16 mm long, adaxial surface of petiole 
channelled, base of petiole dilated, rarely minute auriculate; pulvinus yellow-orange, hairy with spreading 
straight hairs, 2-2.5 mm long; lamina olive, venation at base of lamina palmate, body of lamina penninerved 
with obscure secondary venation, thin, (12-) 18-28.5(-45) mm long, 11.5—22(—31) mm wide; apex obtuse, 
occasionally emarginate; mucro deflexed; base of lamina cordate or rounded; stipules present, inconspicuous, 
straw brown, terete, apex with hardened red-brown tip, hairy with spreading dense hairs, particularly near 

Figure 1: Close up of flower of Isotropis browniae 
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Figure 2: Close up of fruit of Isotropis browniae Figure 3: Habit of Isotropis browniae 

the base, c. 0.75 mm long. Inflorescence terminal, 4-21-flowered, racemose. Peduncles absent. Pedicels present; 
rhachis covered in crisped to arcuate shiny loosely appressed hairs, (3.25-)9-12.5(-27) cm long. Bracts narrow 
elliptic, 1.25-1.75 mm long; adaxial surface covered in loosely appressed twisted white hairs; abaxial surface 
glabrous; margin with hardened red-brown protuberances. Bracteoles attached to pedicel 2-2.5 mm below 
calyx tube, linear to linear-elliptic, 1-1.5 mm long; surface covering and protuberances same as for bracts. 
Buds yellow-olive green, lobes imbricate, margin white. Calyx yellow-green; ribs inconspicuous, c. 5-12; calyx 
tube inconspicuous or absent, lobes greatly longer than tube; upper lobes rectangular to oblong with divergent 
acute apices and obvious mucro, notch deep v-shaped, 5-6 mm long; lower lobes narrowly elliptic, margin a 
mixture of fine crisped hairs and coarser hairs as for body of calyx. Standard broadly ovate, rarely tripartite, 
orange-red with faint red band and veining, spot at base yellow, notch at apex deep v-shaped separating upper 
lobe; lamina lobes ovate, tripartite standard with oblong lobes, lamina 6-7 mm long, 8.5-9.75 mm wide; claw 
yellow, 1.5-1.75 mm long, 0.75 mm wide. Wings oblong to spathulate, obtuse, orange-red at apex grading to 
pale yellow at base, upper margin auriculate; lamina 6-7 mm long, 3-3.5 mm wide; claw 1.75 mm long; auricle 
0.5-0.75 mm long, 1 mm wide. Keel oblong-ovate in lateral view with apex obtuse and notch extending to 
lower margin, or keel petals not fused, lower margin curved upwards towards apex, upper margin auriculate, 
orange-red at apex grading to white at midpoint and continuing to base, 5.75-6.5 mm long, 3.75-4.25 mm 
wide; claw 1.25 mm long, auricle 0.75 mm long. Stamens articulated onto a sessile basal ring; filaments 
5.25-7 mm long; anthers 1-1.25 mm long, versatile. Gynoecium 4.75-5.75 mm long; ovary covered in dense 
yellow-brown spreading hairs, 3.25-3.5 mm long; stipe covered in yellow spreading hairs, 1 mm long; style 

curved, with occasional hairs on either adaxial, abaxial or both surfaces near ovary, 1.5-2 mm long; stigma 
capitate. Fruit oblong to elliptic, turgid, olive green to light brown, densely covered with yellow-green crisped 
hairs, 18-25 mm long, 4.75-5.5 mm wide, calyx persistent, erect to spreading until fruit dehiscence. Seeds 
obovoid in outline, flattened, surface cancellate, yellow to olive green, 5-5.25 mm long. 

Additional specimens examined: AUSTRALIA [precise localities withheld]: Northern Territory: Victoria River: Keep 

River National Park, Spirit Hills, 12 Mar 2006, D.J. Dixon 1632; 10 May 2008 (DNA), I.D. Cowie 12109 (DNA, BRI, MEL); 

25 Mar 2009, /. Westaway 2862 (DNA) . Western Australia: Victoria Bonaparte: Cockburn Range, S of Wyndham, 5 Apr 

1999, T. Handasyde 99 489 (PERTH); W of Adolphus Island, Cambridge Gulf, N of Wyndham, 9 Apr 2013, M.D. Barrett 

4361 (PERTH); Central Kimberley: Sir fohn Gorge, Mornington Sanctuary, 1 ful 2009, H. Dauncey H 374 (PERTH). 

Distribution: restricted to Spirit Hills area of Keep River National Park near the Western Australia - Northern 
Territory border and the East Kimberley region in Western Australia. 
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Notes: Parker and Biggs (2014) listed I. browniae (as 7. Spirit Hills’) as an addition to the Western Australian 

flora; however, a concerted effort made in April 2014 in PERTH, failed to locate the Handasyde and Dauncey 
specimens. Although I have not seen the Barrett collection, I have seen photographs of the plant collected and 
it matches the photos and specimens housed in DNA. Matt Barrett (pers. comm.) has seen the two missing 
specimens and assures me they match his collection. 

Habitat: currently known to occur on sandstone screes below escarpments or in sheltered areas of rocky 
sandstone ridges. The Spirit Hills collection occurs in Eucalyptus brachyandra - Planchonella (Pouteria) 
arnhemica - Terminalia latipes open woodland with Xanthostemon paradoxus and Triodia. Occasional plants 
were also recorded in similar vegetation dominated by annual Sorghum or under small patches of vine thicket 
trees on steeper rocky ridges (Ian Cowie, pers. comm.). At the type locality it was recorded to be abundant 
after the previous dry season’s fire. The Western Australian collections occur in Terminalia hadleyana - 
Cochlospermum fraseri woodlands with Triodia epactia. 

Phenology: Flowering has been recorded chiefly in late March to early April, with one occurrence in July; 
fruiting from March to May. 

Conservation Status: Within the Northern Territory, Isotropis browniae is currently known from two 

populations approximately 5 km apart along the same creek drainage system with an Extent of Occurrence of 
just 1.5 km2. It is conserved within the Spirit Hills section of Keep River National Park but being an annual 
growing in a fire-prone habitat, the populations may be vulnerable to inappropriate fire regimes. A more 
accurate distribution or ecological responses are not known. Despite general flora surveys across the Spirit 
Hills area in several years, additional populations were not found and it appears to be rare (Ian Cowie, pers. 
comm.). The true distribution, abundance and threats are uncertain as the neighbouring areas have received 
very little targeted surveys. Using IUCN criteria and guidelines (IUCN 2001; IUCN Standards and Petitions 
Subcommittee 2010), the Northern Territory Herbarium reviewed and rated this species as Data Deficient 
(DD) in 2010. 

The species is more widely distributed in the East Kimberley region, although all specimens cited record low 
individual numbers. It almost certainly responds to the same pressures as those observed in the Northern 
Territory. Based on current knowledge and a similar paucity of targeted surveys in the region, a Priority coding 
(Smith 2013) of P3 is suggested for Western Australian populations. 

Etymology: this species honours my good friend and former colleague Elizabeth Anne Brown (15 November 
1956 - 17 November 2013); we shared a house for a year, we inspired each other in our textile hobbies, we 
accompanied each other on field trips (including the memorable 1994 Bryophyte Workshop in Kuranda) 
and she was incredibly supportive and encouraging in my studies into the native legumes of Australia. She is 
permanently in my memories - mostly through her laugh. 

Isotropis faucicola Jobson, sp. nov. Figs 4-7 

Informal name: Isotropis sp. Joe Creek (J.L. Egan 4915) NT Herbarium 

Diagnosis: Annual; stems, leaves and calyx with appressed to semi-appressed white hairs; stems with 
conspicuous linear ridges (on drying); stipules terete and hairy; flowers pale yellow; margin of bracts and 
bracteoles entire, but covered in loosely appressed white hairs; calyx reflexed during fruiting. 

Type: Australia: Northern Territory: Victoria River: Gregory National Park: Joe Creek [precise locality withheld 
for conservation reasons], 26 Mar 2009,1.D. Cowie 12339 & J. Westaway (holo: DNA DO 191313; iso: AD, B, 
BRI, CANB, K, L, MEL, MO, NSW, NT, NY, PERTH). 

Erect single stemmed, short lived perennial herb 0.5-1 m high. Stems green, with linear ridges (on drying), 
glabrous or glabrescent with semi-appressed white hairs. Branches and branchlets green with narrow linear 
ridges (on drying) sparsely pubescent with appressed minute white hairs, surface colliculate (often giving a 
shining appearance under the microscope), occasionally glabrous. Leaves spreading or patent, ovate to broadly 
elliptic, rarely narrowly elliptic, unifoliolate, covered in sparse appressed white hairs; petiole (7.5—)9—11 (-12.5), 
green, sparsely to moderately pubescent with appressed minute white hairs, pulvinus yellow-orange, c. 1 mm 
long, hairy, particularly on abaxial surface, rarely glabrous, base of petiole dilated, slightly auriculate and often 
forming a slight decurrent flange with stem; lamina green, slightly discolorous, penninerved with venation 
obscure on adaxial surface, hairy on abaxial surface only, sparsely covered in appressed minute white hairs, 
thin, (15-)17-25(-29) mm long, (4-) 8-16(-18.5) mm wide; apex emarginate; stipules present, inconspicuous, 
light brown, caducous, c. 0.5 mm long, hairy, terete, narrow conical. Inflorescence terminal, 4-15-flowered, 
racemose. Peduncles absent. Pedicels covered with appressed minute white hairs or glabrescent; rhachis covered 
with appressed minute white hairs or glabrescent, 5.75-15.5(-30) cm long. Bracts linear to linear-elliptic 1.5 
mm long, adaxial surface covered in loosely appressed white hairs, abaxial surface glabrous, margins entire. 
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Bracteoles attached to pedicel 0.75-1 mm below calyx tube, c. 0.75 mm long, linear to linear-ovate, adaxial 
surface covered in loosely appressed hairs, abaxial surface glabrous. Buds green, lobes imbricate and margins 
appearing white due to dense covering of white hairs. Calyx green, covered in sparse to moderately dense 
appressed white hairs 0.2 mm long; ribs inconspicuous, c. 20; calyx tube turbinate, lobes greatly longer than 
tube; upper lobes rectangular with shallow divergent apex and shallow emarginate notch, 5-6 mm long; 
lower lobes elliptic, margins with white crisped hairs. Standard broadly ovate, with deep v-notch separating 
lobes; lamina pale yellow with no obvious band, but with some veins bright yellow, 5-6 long, 5.25-5.75 

Figure 4: Close up of flower of Isotropis faucicola 

Figure 5: Close up of fruit of Isotropis faucifola 
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Figure 6: Habit of Isotropis faucicola 

mm wide; claw pale yellow, 1.75 mm long, 1.25 
mm wide. Wings oblong, curving upward, obtuse, 
pale yellow with yellow-orange markings along 
centre of lamina, upper margin auriculate; lamina 
6.75-7.25 mm long, 2.5-3.25 mm wide; claw 1.25 
mm long; auricle 1.0 mm long, 1 mm wide. Keel 

boat-shaped in lateral view with apex obtuse and 
notch extending to lower margin, yellow or orange- 

yellow near apex and suffused along body near 
base, 7-8 mm long, 3-4.5 mm wide; upper margin 

auriculate 0.5-1 mm long; claw c. 1 mm long. 
Stamens articulated in a sessile basal ring, filaments 
6.5- 8 mm long; anthers 1.25-1.5 mm long, versatile. 
Gynoecium 5.5-7.25 mm long; ovary covered with 
appressed white hairs, 3-3.5 mm long; stipe glabrous, 
hairy in upper V4, dilated at attachment to sepals, 
1.5- 1.75 mm long; style hooked, scattered hairs on 
adaxial surface, 3-4 mm long; stigma capitate. Fruit 
elliptic, turgid, light brown to brown, occasionally 
with black spots on adaxial surface, sparsely covered 
with white appressed hairs, 16.5-21 mm long, 

6.5- 7 mm wide; calyx persistent and reflexed until 
fruit dehiscence. Seeds ovoid to reniform in outline, 
surface faintly cancellate, olive-green to brown, 
3.5- 4 mm long. 

Additional specimens examined: AUSTRALIA [precise 

localities withheld]: Northern Territory: Victoria River: 

Gregory National Park: Joe Creek, 9 May 1995, /. Egan 

4915 (DNA); 11 May 1995, /. Egan 4948 (DNA); 21 Jun 

2000, R.A. Kerrigan 158 (DNA); 10 Apr 2001, C.R.Michell 2852 (DNA); 12 Mar 2010, K. Brennan 8333 (DNA); Victoria 

River Gorge, 12 May 1995, /. Egan 4962 (DNA); 21 Jun 2000, R.A. Kerrigan 211 (DNA); 1 May 2001, C.R.Michell 2853 

(DNA); 4 May 2001, C.R.Michell 2854 (DNA); 5 May 2001, R.A. Kerrigan 348, 349 (DNA); 6 May 2001, C.P. Mangion 1074 

(DNA); 7 May 2001, R.A. Kerrigan 347 & J. Pocock (DNA). 

Distribution: restricted to the Victoria River Gorge and associated secondary gorges within the northern 
portion of Gregory National Park, Northern Territory. 

Habitat: occurs in shady scree slopes below sandstone escarpments in Livistonia victoriae woodlands with 
Xanthostemon, Erythrophleum chlorostachys and Triodia microstachya. 

Phenology: flowering has been recorded from March to May; fruiting pods with mature seed, collected from 
late March to June. 

Table 1: Comparison of morphological attributes of Isotropis browniae, /. faucicola and I atropurpurea 

Attribute 
Life Form 

Isotropis browniae 
annual/ biannual 

Isotropis faucicola 
annual/ biannual 

Isotropis atropurpurea 
perennial 

Hairs 

(stems, leaves, calyx) 

crisped, some appearing arcuate 

(calyx with longer twisted hairs) 

loosely appressed crisped 

Leaflet apex obtuse, occasionally emarginate emarginate recurved, occasionally emarginate 

Stipules hairy, terminating in a ring of hairs 

appearing 'stellate'; or apex with 

hardened red-brown callus 

hairy, no extra features hairy, terminating in a ring of hairs 

appearing 'stellate'; or apex with 

hardened red-brown callus 

Bract margin coarse linear protuberances, easily 

broken off 

entire coarse linear protuberances, easily 

broken off 

Flower colour 

(fresh) 

orange-red pale yellow purple-red 

Calyx ribs 5-12 c. 20 c. 5 

Calyx in fruit spreading and/or erect reflexed spreading and/or erect 
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Conservation Status: Isotropis faucicola is currently known from about five populations over an Extent of 
Occurrence of 164 km2. Although all are currently within the Gregory National Park, at least one population 
is close to a popular walking track and potentially liable to human interference such as flower picking. Using 
IUCN criteria and guidelines (IUCN 2001; IUCN Standards and Petitions Subcommittee 2010) the Northern 
Territory Herbarium has assessed the species to be Near Threatened (NT) and it is currently gazetted as this 
under the Territory Parks and Wildlife Conservation Act (2006). 

Etymology: The specific epithet ‘faucicola’ is derived from the Latin fauces meaning throat or gorge and 
the suffix cola meaning dweller and in the botanical sense ‘growing on’, alluding to the preferred habitat of 
occurring in the Victoria River Gorge and associated gorges. 

s.,o,o0n S..0.O0SI. S,,0,0o9t S„0,0=^ S.,0,Ck.8l- 

Figure 7: Distribution map of Isotropis browniae (solid square) and I. faucicola (solid triangle) 



354 Telopea 17: 347-354, 2014 R. Jobson 

Relationships within the Isotropis atropurpurea group 

Both of these two new species, along with I. foliosa Crisp and I. atropurpurea F.Muell. form a natural group, 
hereby referred to as the Isotropis atropurpurea group. This grouping is characterised by the following 
characters: foliose unifoliolate leaves, elliptic to broadly ovate; indumentum obvious, particularly on calyx, 
ranges from crisped to sericeous to appressed and often coloured from white to rusty red, rarely green; 
inflorescence terminal with acropetal anthesis. The Isotropis atropurpurea group is sub-tropical to tropical 
in general distribution, and ranges from subcoastal ranges near Brisbane, to the drier slopes of the Great 
Dividing Range, the tropical savannah of the Northern Territory and Kimberley, through to arid areas of 
Central Australia and the Great Sandy Desert, extending to the ranges in the Pilbara bioregion. 

Morphologically, the two new species described here are similar to each other, as well as to I. atropurpurea, 
even though these three species are separated geographically. Table 1 summarises the main morphological 
differences that readily separate these three species. 
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Abstract 

Two inclusions of leafy liverworts in Miocene Mexican amber are tentatively assigned to the extant genus Mastigolejeunea 

(Lejeuneaceae subfam. Ptychanthoideae). Both specimens share complicate bilobed leaves with a rounded lobe apex, 

a lobule with an oblique free margin continuing into the ventral margin of the leaf lobe, elongate leaf cells, a broad ventral 

merophyte, and undivided underleaves with a truncate to slightly emarginate, recurved apex. The lack of generative 

structures prevents a more thorough taxonomic treatment. Nevertheless, the inclusions represent the first ptychanthoid 

Lejeuneaceae from Mexican amber. 

Introduction 

Fossils are rarely as outstandingly preserved as in amber, fossilized tree resin. For this reason, amber fossils 
present an invaluable resource for reconstructing palaeoecosystems (Grimaldi 1996; Schmidt et al. 2006,2010). 
As with other fossils, they can also be used to calibrate molecular clocks and can thus play an important role 
in dating evolutionary trees (Donoghue and Benton 2007; Heinrichs et al. 2007; Cooper et al. 2012; Feldberg 
et al. 2013,2014; Laenen et al. 2014; Sun et al. 2014). Particularly small, delicate organisms such as arthropods 
are commonly preserved in amber. Bryophytes, however, despite their small size, are only sparsely represented 
in the amber fossil record. Indeed, bryophyte inclusions have been found only in nine of the hundreds of 
known amber deposits, specifically, in Miocene Dominican amber (Gradstein 1993; Frahm and Newton 2005; 

Heinrichs and Schmidt, 2010; Reiner-Drehwald et al. 2012), Miocene Mexican amber (Grolle 1984; Heinrichs 
et al. 2014a), Miocene Sicilian amber (Skalski and Veggiani, 1990), Oligocene Bitterfeld and Eocene Baltic 
amber (Grolle and Meister 2004; Frahm 2004, 2010), Eocene Rovno amber (Ignatov and Perkovsky 2011; 
Konstantinova et al. 2012), hitherto not precisely dated, presumably Miocene Australian Cape York amber 
(Hand et al. 2010), Cenomanian-Turonian Alaskan amber (Heinrichs et al. 2011), and Albian-Cenomanian 

Burmese amber (Heinrichs et al. 2012; Hedenas et al. 2014; Heinrichs et al. 2014b). 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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Of the above deposits, Mexican amber has received relatively little attention from researchers, especially in respect 
to bryophytes, and only two liverworts from this deposit - Lejeunea palaeomexicana Grolle and Ceratolejeunea 
antiqua Heinrichs and Schaf.-Verw. (Lejeuneaceae subfam. Lejeuneoideae, Grolle 1984; Heinrichs et al. 2014a) 
- have been described, so far. To the best knowledge of the authors, no mosses have yet been recognized. Yet 
Mexican amber warrants study, particularly because it derives from the same angiospermous source trees as the 
coeval and more thoroughly investigated Dominican amber (early to middle Miocene, 15-20 Mya; Solorzano 
Kraemer, 2007, 2010; Iturralde-Vinent and MacPhee 1996). Amber from both deposits is attributed to the 
Fabaceae genus Hymenaea (Poinar 1991; Langenheim 1995; Poinar and Brown 2002) and not to coniferous 
trees like most other ambers. 

The fossils described here represent the first ptychanthoid Lejeuneaceae to be described from Mexican amber. 

Materials and methods 

Both studied amber pieces are part of the Mexican amber collection of the Stuttgart State Museum of 
Natural History (coll. no. SMNS Mx 352 and SMNS Mx 357). They were ground and polished manually 
with a series of wet silicon carbide abrasive papers [grit from FEPA P 600-4000 (25.8 pm to 5 pm particle 
size), firm Struers] to minimize light scattering during the investigation. All inclusions were investigated using 
a compound microscope (Carl Zeiss AxioScope Al) equipped with a Canon 60D digital camera. In most 
cases, incident and transmitted light were used simultaneously. The images of Figures 1 and 2 are digitally 
stacked photomicrographic composites of 23 to 62 individual focal planes obtained using the software package 
HeliconFocus 5.0 for a better illustration of the three-dimensional inclusions. 

Results and Discussion 

Description. Upper parts of two sterile, unbranched, dark brownish gametophytes, 2.3 and 2.7 mm long 
respectively and 0.70-0.95 mm wide. Stem straight, 75-110 pm in diameter; ventral merophyte c. 5 cells 
wide. Leaves imbricate, incubously inserted, convex, lobes ovate, 0.6-0.9 x 0.3-0.4 mm, apex rounded, plane, 
margins entire, ventral margin recurved; median cells elongate-hexagonal, 15-25(-35) x 10-15(-20) pm, 
trigones subnodulose, intermediate thickenings occasionally present on long cell walls, partly subconfluent; 
lamina cells often collapsed, leaves thus may be broader in natural state; oil bodies not observed. Lobules 
ovate-rectangular, 0.3-0.4 x 0.1 mm,2Is-1/2 times the leaf lobe length, free margin incurved, apical margin 

not visible, apex continuing into the ventral leaf margin. Underleaves imbricate, undivided, slightly squarrose, 
c. 0.2-0.3 mm long x 0.23-0.36 mm wide, 2-3x stem width, margins entire, apex truncate to slightly emarginate, 
recurved, insertion line slightly curved, base slightly auriculate, cells similar to leaf cells, marginal cells often ± 
isodiametric, 8-15 x 5-12 pm, median cells elongate, 20-25 x 5—12(—18) pm. 

Systematic position 

The specimens were assigned to the subfamily Ptychanthoideae of the Lejeuneaceae. The assignment to 
Lejeuneaceae was based on the complicate bilobed leaves (the leaves are divided into lobe and lobule, with 
the ventral lobule folded against the dorsal lobe), the incubous insertion of the leaves, and the presence 
of underleaves. The assignment to the Ptychanthoideae was possible due to two further characters, the 
broad ventral merophytes consisting of approximately five cell rows and the entire, undivided, emarginate 
underleaves. Extant Lejeuneaceae are common tropical epiphytes. Representatives of this family also dominate 
the liverwort floras of the Miocene Dominican and Mexican amber forests (Gradstein 1993; Reiner-Drehwald 
et al. 2012; Heinrichs et al. 2014a). 

The two investigated specimens lack generative structures such as perianths and female bracts. Furthermore 
the structure of the lobule is unclear. Without these characters, conclusive assignment to a specific genus is not 
possible. However, the specimens share the same vegetative morphology and likely represent a single species 
of the pantropical genus Mastigolejeunea. The main characters that support this hypothesis are the rounded 
lobe apex, the oblique free lobule margin continuing into the ventral margin of the leaf lobe, and the elongate 
leaf cells. The shape of the leaf cells is difficult to discern because the majority of leaf cells appear collapsed. 
Nevertheless, several clearly uncollapsed leaf cells are elongate (Figs lc, d; 2c, d). Moreover, the majority of 
underleaf cells are not collapsed and clearly elongate (Figs le; 2c). 

Alternative genera to which the fossils could be assigned are a less likely match than Mastigolejeunea. 
Thysananthus, the sister genus of Mastigolejeunea, can only be separated by characters of the perianth 
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Fig. 1. Ptychanthoid Lejeuneaceae in Miocene Mexican amber (SMNS Mx 357), ventral view, a, sterile shoot; b, ibid., 
close-up; c,d leaf lobes showing elongate leaf cells; e, underleaf. Scale bars 200 pm (a), 100 pm (b, c); 50 pm (d, e). 

(Sukkharak and Gradstein, 2014). However, Thysananthus has its centre of diversity in Southeast Asia and 
the extant Neotropical species Thysananthus amazonicus (Spruce) Schiffn. is provided with acute leaf lobes 
(Gradstein 1994). Schiffneriolejeunea can also not be excluded based on the observed character states but has 
its centre of diversity in the Palaeotropics. Caudalejeunea is not known to have recurved underleaves. Finally, 
the fossils also share some characters with Omphalanthus (Lejeuneoideae), but this genus is characterized 
by its green to yellowish-brown colour, more or less adpressed, rounded to elongate rather than emarginate 
underleaves and (sub)isodiametric leaf cells (Gradstein et al. 2001). The fossils on the other hand are dark 
brown with somewhat spreading, emarginate underleaves and elongate leaf cells. Thus, based on the incomplete 
morphological evidence available, we hypothesize that the fossils belong to the genus Mastigolejeunea. 

So far, two fossil species of Mastigolejeunea have been described, Mastigolejeunea hidentula Gradst. from 
Miocene Dominican amber and Mastigolejeunea contorta (Gopp. and Berendt) Gradst. & Grolle from Eocene 
Baltic amber (Grolle et al. 2004). Both taxa differ from the Mexican inclusions by the less emarginate and 
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Fig. 2. Ptychanthoid Lejeuneaceae in Miocene Mexican amber (SMNS Mx 352), ventral view, a, sterile shoot; b, ibid. 

close-up; c, underleaves; d, leaf lobe showing elongate leaf cells. Scale bars 200 pm (a), 100 pm (b); 50 pm (c,d). 
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at best weakly recurved underleaves. Further Dominican amber fossils have been assigned to the extant 
Mastigolejeunea auriculata (Wils. & Hook.) Steph. (Gradstein, 1993), and we cannot reject relationships of 
the incompletely preserved Mexican amber fossils to this taxon. However, more recent research has shown 

homoplastic characters and polyphyly within the Ptychanthoideae, and Mastigolejeunea auriculata was shown 
to include two independent entities (Sukkharak et al. 2011). Indeed, species of epiphytic liverworts may in fact 
represent recently emerged complexes of morphologically cryptic or semicryptic local endemics (Ramaiya 
et al. 2010). Therefore, until a comprehensive dated phylogeny of Mastigolejeunea is available, assignments 
within the genus may be tenuous. The Mexican specimens thus cannot be assigned a systematic position 
within Mastigolejeunea. 

Perspectives 

The insect fauna found in Mexican amber resembles that in Dominican amber (Solorzano Kraemer 2007), and 
we can expect this pattern to hold true for the bryoflora. The four liverwort fossils available at present suggest 
this similarity at generic level and confirm the frequent presence of Lejeuneaceae in the Miocene Hymenaea 
forests of the Caribbean and adjacent areas. The Mexican and Dominican amber inclusions are currently the 
only available tropical Cenozoic bryophyte fossils (Frahm and Newton 2005). The scarcity of bryophyte fossils, 
however, makes a more accurate reconstruction of the bryoflora of the Miocene Mexican amber forest difficult. 

It is probable that the lack of bryophytes identified from amber deposits is either due to the low fossilization 
rate of these delicate organisms or due to the fact that most amber collectors focus on arthropods rather than 
on inclusions of plants. The latter scenario seems more likely. For example, no bryophytes have been described 
from the entomologically rich amber deposit of Oise discovered in 1996 (Nel et al. 1999), despite the apparent 
abundance of botanical inclusions (Nel et al. 2013). Moreover, the relatively newly discovered Eocene Indian 
amber deposits from the Cambay basin (Mukherjee et al. 2005) have provided a vast arthropod fauna with 
some connections to Mexican and Dominican amber (Rust et al. 2010) but have yet to yield any descriptions of 
bryological fossils. This is also true for better established amber deposits such as those in Spain (Penalver et al. 
2010). In summary, there is likely a plethora of undiscovered botanical diversity in the known amber deposits. 

We thus hope that this study will encourage researchers to direct their attention to botanical inclusions, 
particularly in Mexican amber. Further fossils will shed light on evolutionary rates and phylogeography. 

Finally, with a more complete Mexican amber fossil record, we expect a deeper understanding of the Mexican 
and Dominican Miocene palaeoecosystems. 

Acknowledgments 

We thank Gunter Bechly (Stuttgart State Museum of Natural History) for a loan of amber specimens SMNS 

Mx 352 and Mx 357 and Andrew Rozefelds (Queensland Museum, South Brisbane) for comments on the 
botanical inclusions preserved in Australian Cape York amber. We dedicate this paper to our colleague 
Elizabeth A Brown (1956-2013). 

References 

Cooper ED, Henwood MJ, Brown EA (2012) Are the liverworts really that old? Cretaceous origins and Cenozoic 
diversifications in Lepidoziaceae reflect a recurrent theme in liverwort evolution. Biological Journal of the 
Linnean Society 107: 425-441. http://dx.doi.Org/10.llll/j.1095-8312.2012.01946.x 

Donoghue PCJ, Benton MJ (2007) Rocks and clocks: calibrating the Tree of Life using fossils and molecules. 

Trends in Ecology and Evolution 22: 424-3l._http://dx.doi.org/10.1016/j.tree.2007.05.005 
Feldberg K, Heinrichs J, Schmidt AR, Vaiia J, Schneider H (2013) Exploring the impact of fossil constraints on 

the divergence time estimates of derived liverworts. Plant Systematics and Evolution 299: 585-601. http:// 
dx.doi.org/10.1007/s00606-012-0745-y 

Feldberg K, Schneider H, Stadler T, Schafer-Verwimp A, Heinrichs J (2014) Epiphytic leafy liverworts diversified 

in angiosperm-dominated forests. Scientific Reports 4: 5974. http://dx.doi.org/10.1038/srep05974 
Frahm JP (2004) A new contribution to the moss flora of Baltic and Saxon amber. Review of Palaeobotany and 

Palynology 129(1): 81-101. http://dx.doi.Org/10.1016/j.revpalbo.2003.ll.004 

Frahm JP (2010) Die Laubmoosflora des baltischen Bernsteinwaides. (Weissdorn: Jena) 
Frahm JP, Newton A (2005) A new contribution to the moss flora of Dominican amber. The Bryologist 108: 

526-536. http://dx.doi.org/10.1639/0007-2745(2005) 108 [0526:ANCTTM] 2.0.CO;2 

Gradstein SR (1993) New fossil Hepaticae preserved in amber of the Dominican Republic. Nova Hedwigia 57: 
353-374. 



360 Telopea 17: 355-361, 2014 Scheben et al. 

Gradstein SR (1994) Lejeuneaceae: Ptychantheae, Brachiolejeuneae. Flora Neotropica Monograph 62: 1-216. 
Gradstein SR, Churchill SP, Salazar-Allen N (2001) Guide to the bryophytes of tropical America. Memoirs of 

the New York Botanical Garden 86: 1-577. 
Grimaldi DA (1996) Amber: window to the past. (Harry N. Abrams, New York) 
Grolle R (1984) Lejeunea palaeomexicana n. sp., das erste Moos aus Mexikanischem Bernstein. Stuttgarter 

Beitrage zur Naturkunde, Serie B, 108: 1-7. 
Grolle R, Meister K (2004) The liverworts in Baltic and Bitterfeld amber. (Weissdorn, Jena) 
Grolle R, Meister K, So ML (2004) New evidence on the taxonomic position of the Eocene Jungermanniites 

contortus (Jungermanniales: Lejeuneaceae): Cryptogamie, Bryologie 25: 117-123. 
Hand S, Archer M, Bickel D, Creaser P, Dettmann M, Godthelp H, Jones A, Norris B, Wicks D (2010) Australian 

Cape York amber. Pp. 69-79 In: Penney D (ed.) Biodiversity of fossils in amber from the major world deposits. 
(Siri Scientific Press, Manchester) 

Hedenas L, Heinrichs J, Schmidt AR (2014) Bryophytes of the Burmese amber forest: Amending and expanding 
the circumscription of the Cretaceous moss genus Vetiplanaxis. Review of Palaeobotany and Palynology 
209: 1-10. http://dx.doi.Org/10.1016/j.revpalbo.2014.05.008 

Heinrichs J, Hentschel J, Wilson R, Feldberg K, Schneider H (2007) Evolution of leafy liverworts 
(Jungermanniidae, Marchantiophyta): estimating divergence times from chloroplast DNA sequences using 
penalized likelihood with integrated fossil evidence. Taxon 56: 31-44. 

Heinrichs J, Reiner-Drehwald ME, Feldberg K, Grimaldi DA, Nascimbene PC, von Konrat M, Schmidt AR 
(2011) Kaolakia borealis nov. gen. et sp. (Porellales, Jungermanniopsida): A leafy liverwort from the 
Cretaceous of Alaska. Review of Palaeobotany and Palynology 165 (3): 235-240. http://dx.doi.Org/10.1016/j. 
revpalbo.2011.04.002 

Heinrichs J, Reiner-Drehwald ME, Feldberg K, von Konrat M, Hentschel J, Vaha J, Nascimbene P, Grimaldi 
D, Schmidt AR (2012) The leafy liverwort Frullania (Jungermanniopsida) in the Cretaceous amber 
forest of Myanmar. Review of Palaeobotany and Palynology 169: 21-28. http://dx.doi.0rg/lO.lOl6/j. 
revpalbo.2011.10.002 

Heinrichs J, Schafer-Verwimp A, Boxberger J, Feldberg K, Solorzano Kraemer MM, Schmidt AR (2014a) 

A fossil species of Ceratolejeunea (Lejeuneaceae, Porellales) preserved in Miocene Mexican amber. The 
Bryologist 117: 10-14. http://dx.doi.org/10.1639/0007-2745-117.E010 

Heinrichs J, Schafer-Verwimp A, Feldberg K, Schmidt AR (2014b) The extant liverwort Gackstroemia 
(Lepidolaenaceae, Porellales) in Cretaceous amber from Myanmar. Review of Palaeobotany and Palynology 
203: 48-52. http://dx.doi.Org/10.1016/j.revpalbo.2014.01.004 

Heinrichs J, Schmidt AR (2010) An inclusion of Frullania subgen Diastaloba s.l. (Frullaniaceae, Porellales) in 
Dominican amber. Tropical Bryology 31: 91-94. 

Ignatov MS, Perkovsky EE (2011) Mosses from Rovno amber (Ukraine). Arctoa 20: 1-18. http://dx.doi. 
org/10.15298/arctoa.20.01 

Iturralde-Vinent M, MacPhee R (1996) Age and paleogeographical origin of Dominican amber. Science 
273: 1850-1852. http://dx.doi.org/10.1126/science.273.5283.1850 

Konstantinova NA, Ignatov MS, Perkovsky EE (2012) Hepatics from Rovno amber (Ukraine). Arctoa 
21: 265-271. http://dx.doi.org/10.15298/arctoa.21.25 

Laenen B, Shaw B, Schneider H, Goffinet B, Paradis E, Desamore A, Heinrichs J, Villarreal JC, Gradstein SR, 
McDaniel SF, Long DG, Forrest LL, Hollingsworth ML, Crandall-Stotler B, Davis EC, Engel J, von Konrat 
M, Cooper ED, Patino J, Cox CJ, Vanderpoorten A, Shaw A (2014) Extant diversity of bryophytes emerged 

from successive post-Mesozoic diversification bursts. Nature Communications 5: 6134. http://dx.doi. 
org/10.1038/ncomms6134 

Langenheim JH (1995) Biology of amber-producing trees: Focus on case studies of Hymenaea and Agathis. 
Pp. 1-31 In: Anderson KB, Crelling JC (eds) Amber, resinite, and fossil resins. ACS Symposium Series 617. 
(American Chemical Society: Washington DC) 

Mukherjee D, Bhupathy S, Nixon A (2005) First record of an exceptionally diverse and well preserved amber- 
embedded biota from Lower Eocene (~ 52 Ma) lignites, Vastan, Gujarat. Current Science 89(8): 1328-1330. 

Nel A, de Ploeg G, Dejax J, Dutheil D, de Franceschi D, Gheerbrant E, Godinot M, Hervet S, Menier J-J, Auge 

M, Bignot G, Cavagnetto C, Duffaud S, Gaudant J, Hua S, Jossang A, de Lapparent de Broin F, Pozzi J-P, 
Paicheler J-C, Bouchet F, Rage J-C (1999) Un gisement sparnacien exceptionnel a plantes, arthropodes 
et vertebres (Eocene basal, MP7): Le Quesnoy (Oise, France) Comptes-Rendus de VAcademie des Sciences 
329: 65-72. 

Nel P, Schmidt AR, Bassler C, Nel A (2013) Fossil thrips of the family Uzelothripidae suggest 53 million years 
of morphological and ecological stability. Acta Palaeontologica Polonica 58: 609-614. 

Penalver E, Delclos X, Penney D (2010) Spanish amber. Pp. 236-269 In: Penney D (ed.) Biodiversity of fossils in 
amber from the major world deposits. (Siri Scientific Press, Manchester) 



Lejeuneaceae in Mexican amber Telopea 17: 355-361, 2014 361 

Poinar, GO Jr (1991) Hymenaea protera sp. n, (Leguminoseae, Caesalpininoideae) from Dominican amber has 
African affinities. Experientia 47: 1075-1082. http://dx.doi.org/10.1007/BF01923347 

Poinar GO Jr, Brown AE (2002) Hymenaea mexicana sp. nov. (Leguminosae: Caesalpinioideae) from 
Mexican amber indicates Old World connections. Botanical Journal of the Linnean Society 139: 125-132. 
http://dx.doi.Org/10.1046/j.1095-8339.2002.00053.x 

Ramaiya M, Johnson MG, Shaw B, Heinrichs J, Hentschel J, von Konrat M, Davison PG, Shaw AJ (2010) 
Morphologically cryptic biological species within the liverwort Frullania asagrayana. American Journal of 
Botany 97: 1707-1718. http://dx.doi.org/10.3732/ajb.1000171 

Reiner-Drehwald ME, Schmidt AR, Heinrichs J (2012) The genus Lejeunea in Miocene amber from the 
Dominican Republic. Cryptogamie, Bryologie 33: 33-38. http://dx.doi.org/10.7872/cryb.v33.issl.2012.033 

Rust J, Singh H, Rana RS, McCann T, Singh L, Anderson K, Sarkar N, Nascimbene PC, Stebner F, Thomas 

JC, Solorzano Kraemer MM, Williams CJ, Engel MS, Sahni A, Grimaldi DA (2010) Biogeographic and 
evolutionary implications of a diverse paleobiota in amber from the early Eocene of India. Proceedings of the 
National Academy of Sciences of the United States of America 107: 18360-18365. http://dx.doi.org/10.1073/ 
pnas.1007407107 

Schmidt AR, Perrichot V, Svojtka M, Anderson KB, Belet KH, Bussert R, Dorfelt H, Jancke S, Mohr B, Mohrmann 
E, Nascimbene PC, Nel A, Nel P, Ragazzi E, Roghi G, Saupe EE, Schmidt K, Schneider H, Selden PA, Vavra 

N (2010) Cretaceous African life captured in amber. Proceedings of the National Academy of Sciences of the 
United States of America 107: 7329-7334. http://dx.doi.org/10.1073/pnas.1000948107 

Schmidt AR, Ragazzi E, Coppellotti O, Roghi G (2006) A microworld in Triassic amber. Nature 444: 835. 
http://dx.doi.org/10.1038/444835a 

Skalski AW, Veggiani A (1990) Fossil resin in Sicily and the Northern Apennines: geology and organic content. 
Prace Muzeum Ziemi 41: 37-49. 

Solorzano Kraemer MM (2007) Systematics, palaeoecology, and palaeobiogeography of the insect fauna from 
Mexican amber. Palaeontographica Abteilung A 282: 1-133. 

Solorzano Kraemer MM (2010) Mexican amber. Pp. 42-56 In: Penney D (ed.) Biodiversity of fossils in amber 
from the major world deposits. (Siri Scientific Press, Manchester) 

Sukkharak P, Gradstein SR (2014) A taxonomic revision of the genus Mastigolejeunea (Marchantiophyta: 
Lejeuneaceae). Nova Hedwigia, online early: DOI: http://dx.doi.org/101127/0029-5035/2014/0206 

Sukkharak P, Gradstein SR, Stech M (2011) Phylogeny, taxon circumscriptions, and character evolution in the 
core Ptychanthoideae (Lejeuneaceae, Marchantiophyta). Taxon 60: 1607-1622. 

Sun Y, He X, Glenny D (2014) Transantarctic disjunctions in Schistochilaceae (Marchantiophyta) explained by 
early extinction events, post-Gondwanan radiations and palaeoclimatic changes. Molecular Phylogenetics 
and Evolution 76: 189-201. http://dx.doi.Org/10.1016/j.ympev.2014.03.018 

Manuscript received 5 October 2014, accepted 24 November 2014 





Volume 17: 363-381 

Publication date: 17 December 2014 

dx.doi.org/10.7751/telopea20148075 

Telopea 
Journal of Plant Systematics 

The Royal 

Botanic Gardens 
& Domain Trust 

plantnet.rbgsyd.nsw.gov.au/Telopea • escholarship.usyd.edu.au/journals/index.php/TEL • ISSN 0312-9764 (Print) • ISSN 2200-4025 (Online) 

The Australasian genus Schizacme (Loganiaceae): new 
combinations and new species in the New Zealand flora 

Kerry L. Gibbons123, Barry J. Conn2, Murray J. Henwood1 

School of Biological Sciences, The University of Sydney, NSW2006, Australia 

2National Herbarium of New South Wales, Royal Botanic Gardens and Domain Trust, Mrs Macquaries Road, Sydney NSW 

2000, Australia 

3Author for correspondence: kerry.gibbons@sydney.edu.au 

Abstract 

Schizacme Dunlop (Loganiaceae) is a genus of five perennial subshrubs of predominantly alpine and montane habitats 

in south eastern Australia and in New Zealand. Schizacme was described as a segregate from Mitrasacme Labill. but 

combinations in the genus were not made for two New Zealand taxa, Mitrasacme montana Hook.f. var. helmsii Kirk 

and M. novae-zealandiae Hook.f., thought to be congeneric with Schizacme. By using nucleotide sequence data from 

the nuclear ribosomal ETS and the chloroplast intron petD, we confirm that New Zealand Mitrasacme and Australian 

Schizacme form a monophyletic group. New combinations are created in Schizacme and species limits are reviewed, with 

an emphasis on the New Zealand taxa. Mitrasacme montana var. helmsii is here elevated to species rank, as S. helmsii 

(Kirk) K.L.Gibbons. Schizacme ciliata K.L.Gibbons is here described as a segregate from S. novae-zelandiae (Hook.f.) 

K.L.Gibbons. The morphology of Schizacme, including the New Zealand species, is discussed. 

Introduction 

Schizacme Dunlop is a genus of perennial subshrubs in south-eastern Australia and in New Zealand. These 
species are mat or cushion-forming plants of predominantly alpine and montane habitats, with S. montana 
(Hook.f. ex Benth.) Dunlop extending to sea level in south-western Tasmania. Schizacme was described as a 
segregate genus from Mitrasacme Labill., together with the Australian endemic, Phyllangium Dunlop (Dunlop 
1996b, 1996c). Previously placed in Spigelieae (Loganiaceae), these three genera are now placed in Loganieae 
together with other Australasian representatives of the family (Backhand et al. 2000, Struwe 2004, Heywood 
et al. 2007, Gibbons et al. 2012). Dunlop (1996c) made two combinations in Australian Schizacme, S. archeri 
(Hook.f.) Dunlop and S. montana. In this publication, he indicated that the New Zealand taxa Mitrasacme 
montana Hook.f. ex Benth. var. helmsii Kirk and M. novae-zelandiae Hook.f. were conspecific with species 
of Schizacme, but he did not make the necessary nomenclatural combinations. In failing to formally transfer 
M. montana var. helmsii to Schizacme, the autonymous varietal name Schizacme montana (Hook.f. ex Benth.) 
Dunlop var. montana was not available for use, even though it was referred to by Dunlop (1996c, p. 58). 

This paper is dedicated to the memory of our friend and colleague, Elizabeth Anne Brown (1956-2013). Although 

Elizabeth was well known as a bryologist and for her work on Ericaceae, she was also one of the very few botanists to have 

studied Loganiaceae in Australia. 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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Schizacme and Phyllangium have not been accepted by all authors, as it was thought these genera might be 
derived from within Mitrasacme (Struwe 2004). However, a recent molecular phylogenetic study (Gibbons et 
al. 2012) supports Dunlop’s genera and places Schizacme sister to Phyllangium, with Mitrasacme sister to its 
segregates. In describing Schizacme, Dunlop (1996c) cited a number of morphological characters that separate 
the genus from Mitrasacme. These were their penninerved leaves (one nerved or triplinerved in Mitrasacme); 
heteromorphic calyx (with two dissimilar pairs of lobes); apical-axile, elongated placenta; flattened, woody 
capsule; and styles withering in fruit. With the inclusion of the New Zealand species, the morphological 
circumscription of Schizacme requires refinement. However, the genus is readily separable from other 
Loganieae based on morphological features, and its capsules are particularly distinctive. 

In a recent molecular phylogenetic study (Gibbons et al. 2012), only one Australian species of Schizacme 
was included, the Tasmanian endemic S. archeri. Mitrasacme was represented only by Mitrasacme subgen. 
Mitrasacme, because representatives of subgen. Schizogyne Dunlop and subgen. Plecocalyx (G.Don) Dunlop 
were unavailable. It is now timely to confirm the monophyly of Mitrasacme and Schizacme with nucleotide 
sequence data from additional taxa, and to refine Dunlop’s morphological concept of Schizacme, including 
the New Zealand taxa currently remaining in Mitrasacme. These taxa have been little studied and a review is 
presented before new combinations in Schizacme are made. 

In describing Mitrasacme montana var. helmsii, Kirk (1890, p.446) cited the following characters as 
distinguishing his variety from the typical form, occurring in Australia: “the more densely matted habit, the 
longer calyx, in the peduncles being absent, or never elongated even in fruit, and in having the compressed 
fruits produced into curved lateral filiform processes”. Cheeseman (1906) and Dunlop (1996c) have both 
suggested that the rank of M. montana var. helmsii requires further evaluation. 

Mitrasacme novae-zelandiae was described by Hooker in the ‘Handbook of the Flora of New Zealand’ (Hooker 
1867); included only in the “Additions, Corrections, &c.”, the protologue was brief and did not include an 
illustration. Cheeseman (1906, p. 442) refers to a Cockayne specimen (Hills’ Peak, 1360ft, L. Cockayne 5656, 
without date, WELT-SP011225) with “narrower leaves and shorter bristle points”, which Cheeseman suggested 
might constitute a separate species. Allan (1961) further notes that forms similar to that collection occur in 
Fiordland and Stewart Island. However, the morphological variation within Mitrasacme novae-zelandiae as 
currently circumscribed, and its taxonomic significance, have not been formally evaluated before now. 

The aim of this study is to confirm that the New Zealand taxa Mitrasacme montana var. helmsii and 
M. novae-zelandiae are congeneric with Australian species of Schizacme using nucleotide sequence data. The 
morphological circumscription of Schizacme, as defined by Dunlop (1996c), is evaluated. A brief review of 
species limits in the genus, with an emphasis on the New Zealand taxa, is provided. 

Methods 

Molecular phylogenetic study: Taxonomic sampling included all currently recognised species and varieties 
of Schizacme and New Zealand Mitrasacme. Other new sequences included in this study were of M. secedens 
Dunlop (subgen. Schizogyne), M. foliosa C.A.Gardner and M. laxiceps Dunlop (subgen. Plecocalyx) and 
Phyllangium sulcatum Dunlop. Adelphacme minima (B.J.Conn) K.L.Gibbons, B.J.Conn & M.J.Henwood (syn. 
Mitreola minima B.J.Conn) was used as the outgroup because it was placed sister to Mitrasacme, Schizacme and 
Phyllangium with strong support in a previous study (Gibbons et al. 2012). Details of all accessions included 
in this study and GenBank numbers are given in Appendix 1. 

DNA was extracted from silica-dried leaf material and amplified for the chloroplast intron petD and the 
nuclear ribosomal external transcribed spacer (ETS) according to the methods given in Gibbons et al. (2012). 
Sequencing was carried out by the Australian Genome Research Facility (Westmead, NSW). Assembly and 
editing of contiguous sequences was carried out using sequencher version 4.5 (Gene Codes Corporation, 
Ann Arbor, Michigan, USA). Sequences were aligned using muscle (Edgar 2004) with substantial manual 
optimization performed in mesquite version 2.75 (Maddison and Maddison 2011). Bayesian phylogenetic 

analyses were carried out in mrbayes 3.1.2 (Huelsenbeck and Ronquist 2001, Ronquist and Huelsenbeck 2003) 
with no regions excluded from analysis. Support for clades was provided by posterior probabilities (p.p.), with 
p.p. > 0.95 considered to provide support. Analyses were carried out with two independent runs each of four 
chains (one cold chain and three heated chains), with a heating temperature of 0.2. The preferred nucleotide 
substitution model was determined in jModelTest 0.1.1 (Guindon and Gascuel 2003, Posada 2008) using 
the Akaike information criterion (Akaike 1974) and three substitution schemes (JC, HKY and GTR). For 

both markers, the GTR+G model was preferred. Analyses were run for 1,000,000 generations, sampling every 
1000 generations, with the first 250 trees (25%) discarded as burn-in. Adequate convergence and mixing was 
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evidenced by an average standard deviation of split frequencies <0.01, estimated sample sizes of all parameters 
> 200 and examination of parameter output trace files in tracer v 1.5.0 (Rambaut and Drummond 2009). 
Analyses including insertion/deletion (indel) characters, generated in seqstate version 1.4.1 (Muller 2005) using 

simple indel coding (Simmons and Ochoterena 2000), were very similar to those using substitution characters 
alone. Therefore, analyses of substitution characters only will be shown below. The partition homogeneity 
test (Mickevich and Farris 1981, Farris et al. 1994), as implemented in paup* version 4.0bl0 (Swofford 2002), 
was used to test congruence of the petD and ETS datasets. Simulations were performed with 1000 replicates 
of heuristic tree searches with 10 random addition sequence replicates and tree-bisection reconnection (TBR) 
branch swapping, saving a maximum of 2000 trees per replicate. The two datasets were found to be congruent 
(p = 0.8) and analyses were carried out for each marker individually and for the concatenated data set (with 
the two markers run as unlinked partitions). 

Morphological study: Morphological data were obtained from herbarium collections held at CF1R, FiO, 
NSW and WELT. All measurements were carried out on dried herbarium material using a WILD M3C 
stereomicroscope. Ten specimens of M. montana var. helmsii and 20 specimens of M. novae-zelandiae were 
available for study. Australian specimens examined are cited summarised by distribution according to the 
regions of Victoria (Conn 1993) and Tasmania (Orchard 1988). New Zealand specimens examined are 
summarised according to botanical provinces defined by Wardle (1991). 

Results 

Molecular phylogenetic results: The New Zealand taxa currently placed in Mitrasacme and Australian 
Schizacme together form a well-supported (p.p. = 1) monophyletic group in individual analyses of nuclear 
ribosomal (ETS) and chloroplast (petD) nucleotide sequence data (Figs la, b) and of the concatenated 
dataset (Fig. 2). Mitrasacme novae-zelandiae is placed sister to the remainder of Schizacme and New Zealand 
Mitrasacme. Mitrasacme montana var. helmsii was not placed sister to Australian material of S. montana. In the 
analysis of ETS, M. montana var. helmsii is sister to S. archeri, but without support (p.p. = 0.93). In analyses 
of petD and the concatenated dataset, a sister relationship between the two Australian species of Schizacme 
is supported. Branch lengths separating M. montana var. helmsii from other taxa are comparable to those 
between other species. These findings support the elevation of the rank of M. montana var. helmsii to species 
and the transfer of the New Zealand taxa to Schizacme, as formalised below. 

Mitrasacme and Phyllangium are each resolved as monophyletic (p.p. = 1) in all analyses. The sister relationship 
between Schizacme and Phyllangium found in the previous study (Gibbons et al. 2012) is again resolved. 
Although this sister relationship does not receive support in the analysis of petD, it is supported in analyses 
of ETS and of the concatenated dataset. Interspecific relationships within Mitrasacme are not shown here 
because a more taxonomically complete phylogeny of Mitrasacme is in progress and will be the subject of a 
future paper. 

Morphological variation: Mitrasacme montana var. helmsii differs from Australian material of Schizacme 
montana by the morphological characters listed in Table 1 and warrants recognition at species rank. Therefore, 
the new combination, S. helmsii (Kirk) K.L.Gibbons, is made below. We did not find, as stated by Kirk (1890), 
that the habit of this species was more ‘densely matted’ than that of S. montana. The calyx of S. helmsii is also 
generally shorter than that of S. montana, not longer as stated by Kirk, although calyx dimensions in S. helmsii 
overlap with smaller individuals of S. montana. 

Table 1. Major morphological differences between Schizacme helmsii and S. montana. 

Species Schizacme helmsii Schizacme montana 

Leaves 
2.5-4.5(-6) mm long (including petiole), 1.4-2.2 

mm wide; margin never ciliate 

5-12 mm long (including petiole), 1.5-5 mm 

wide; margin occasionally ciliate 

Pedicels 
Up to 0.5 mm long (in flower), 0.2-1.3 mm long (in 

fruit); glabrous. 

2—6(—14) mm long (in flower), 2-35 mm long (in 

fruit); pilose or occasionally glabrescent (in fruit). 

Calyx 
Lobes narrowly triangular to narrowly ovate; tube 

and lobes glabrous 

Lobes ovate or elliptic; tube pilose or glabrescent, 

lobes ciliate, often pilose or papillose on abaxial 

surface 

Styles 1.3-1.9 mm long (in flower) 1-1.2 mm long (in flower) 
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Fig. 1. Majority-rule consensus of the Bayesian analysis of substitution characters of Mitrasacme and Schizacme, with 

Adelphacme as outgroup: a. ETS; b. petD. Posterior probabilities are shown above branches. Scale is in estimated 

substitutions per site. 

Fig. 2. Majority-rule consensus of the Bayesian analysis of the concatenated dataset (ETS and petD) of Mitrasacme 
and Schizacme, with Adelphacme as outgroup. Posterior probabilities are shown above branches. Scale is in estimated 

substitutions per site. 
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Plants from Stewart Island, some from Fiordland (South Island) and some from Arthur’s Pass, Canterbury 
(South Island) are morphologically distinct from M. novae-zealandiae, differing by the characters given in 
Table 2. They are here described as the new species Schizacme ciliata K.L.Gibbons. For clarity, we use the new 
names and new combinations in the discussion below before their formalisation in the taxonomy section at 

the end of this paper. 

Table 2. Major morphological differences between Schizacme ciliata and S. novae-zelandiae 

Species Schizacme ciliata Schizacme novae-zelandiae 

Leaves 

oblong to obovate, 0.8-1.4 mm wide, margin 

distinctly hyaline (clearly visible without 

magnification), usually with ciliate hairs at base, 

hyaline apiculum 0.1 —0.8(—1.4) mm long 

linear-oblong, 0.5-0.9 mm wide, if margin hyaline 

then narrowly so, glabrous , hyaline apiculum 

0.1-0.5 mm long 

Corolla 
tube c. 1.2 mm long 

lobes 1-1.4 mm long, 0.4-0.8 mm wide 

tube 1.7-3 mm long 

lobes 0.6-1 mm long, 0.8-1.2 mm wide 

Discussion 

Unlike an earlier molecular phylogenetic study (Gibbons et al. 2012), this study includes all previously described 
taxa attributable to Schizacme and provides molecular support for the genus, including all New Zealand species 
previously placed in Mitrasacme. Concurrent examination of Australian and New Zealand material has allowed 
us to further discuss the morphology of Schizacme. 

Schizacme is defined by its distinctive winged capsules (Figs 3,4d). This feature provides a qualitative difference 
between the capsules of Schizacme and the superficially similar capsules of Mitreola L. and Mitrasacme subg. 
Schizogyne. Bentham (1857) and Flooker (1859) both described the ‘inflection’ of the carpel walls of S. montana. 
The carpel walls appear reflexed beyond the ventral suture, thus forming the wings. This interpretation of carpel 
morphology in Schizacme is consistent with the theory of carpel development by the conduplicate folding of a 
leaf-like organ (Simpson 2010). The precursor of the wings can be seen as lobes at the apex of the ovary (Fig. 4c), 
suggesting these wings are present from gynogenesis rather than developing during maturation of the capsule. 

The styles of Schizacme are free but connivent at anthesis, compared with the connate styles of Adelphacme and 
Mitrasacme (excluding M. secedens). In Phyllangium, this trait is variable. In M. alsinoides R.Br., postgenital fusion 
of the styles has been studied and has been hypothesised to facilitate pollen selection by enabling development 
of a compitum (Endress et al. 1983). Breeding systems and pollination in Schizacme have not been studied, but 
it seems reasonable to hypothesise that the inconspicuous flowers of this genus are at least facultatively self- 
fertilising. 

The capsules of S. novae-zelandiae and S. ciliata differ somewhat from those of the remaining species of Schizacme, 
being only slightly flattened, similar to those of Mitrasacme and Phyllangium. The capsules of S. archeri, S. helmsii 
and S. montana, which form a clade in this study, are strongly compressed at a plane 90° to the septum, appearing 
broadly cuneiform in lateral view. These capsules are distinctly semi-apocarpous, with the free (distal) portion 
of the carpels very broadly divaricate and the wings forming a sheath between them (Fig. 4d). The locules are 
elongate and oblique. In contrast, the locules of S. novae-zelandiae and S. ciliata are more or less ovoid, with only 
the apex of the locules free, and the wings predominantly distal to the locules. 

Schizacme is further distinguished from other Loganieae by its few-seeded placentation. Dunlop (1996c) describes 
placentation in the Australian species S. archeri and S. montana as elongate. Although placentation in S. novae- 
zelandiae and S. ciliata could not be clearly seen in the material available, the ovoid locules are not suggestive of 
an elongate placenta. It is likely that in all species placental attachment is along the ventral suture, which in the 
free portion of the carpels is continuous with the septum in the proximal fused portion of the carpels. Therefore, 
placentation is best described as axile. Reduction in seed number is consistent with the perennial life history of 
Schizacme, compared with the (predominantly) annual and ephemeral Mitrasacme and the annual Adelphacme 
and Phyllangium. 

Other characteristics distinguishing Schizacme from Mitrasacme are differences in leaf venation and the often 
heteromorphic calyx of Schizacme. Leaf venation in Schizacme appears penninerved or one-nerved, as it is in 
other genera of Loganieae. In Mitrasacme, leaf venation is often triplinerved. Plinerved leaf venation is not 
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Fig. 3. Schizacme archeri and S. montana, showing leaves and capsules, a. Schizacme archeri (M.J. Henwood 865); 

b. Schizacme montana (M.J. Henwood 937). Images: M.J. Henwood. Scale bar: 4 mm. 
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unknown in Loganiaceae, occurring also in Strychnos L. (Strychnae) and Spigelia L. (Spigeliae) (Leeuwenberg 
and Leenhouts 1980). However, in Mitrasacme one-nerved leaf venation is also known. In S. helmsii and 
S. montana, the heteromorphic calyx noted by Dunlop (1996c) maybe a consequence of the presence of sepal¬ 
like bracts subtending the solitary flowers. Where the pedicel is very short, the bracts often completely enclose 
one pair of calyx lobes, which consequently remain more membranous and less well-developed than the exposed 
pair of calyx lobes. In material with longer pedicels, the calyx lobes are often more or less equal, as they often 
are in the more densely imbricate S. novae-zelandiae and S. ciliata. In S. archeri, interpretation of calyx and bract 
morphology proved problematic with the material at hand. 

Corolla aestivation within Schizacme is variable. The phylogenies inferred in this study (Figs 1,2) are consistent 
with a least two switches between imbricate (cochlear) and valvate corolla aestivation within Schizacme. In the 
remaining tribes of Loganiaceae (Antonieae, Spigelieae and Strychneae) corolla aestivation is exclusively valvate 
(Leeuwenberg and Leenhouts 1980). In Loganieae, corolla aestivation is valvate in Adelphacme K.L.Gibbons, 
B.J.Conn & M.J.Henwood, Mitrasacme and Phyllangium and imbricate (cochlear) in Logania R.Br. (Conn 1994, 
1995). Within Mitreola L. and Geniostoma J.R.Forst. & G.Forst., corolla aestivation is also variable, being imbricate 
or contorted in Geniostoma (Conn 1980), and, in Mitreola, generally quincuncial, but valvate in the Madagascan 
M. turgida Jovet (Leeuwenberg 1974, Conn 1996). Thus, it appears that variable corolla aestivation is a feature not 
only of Schizacme but of Loganieae as a whole. 

The phylogenies inferred in this study suggest Schizacme might have originated in New Zealand as a result of 
long distance dispersal of a common ancestor of Schizacme and Phyllangium from Australia to New Zealand. 
One or more westward dispersals from New Zealand to Australia would then explain the current geographical 
distribution of species of Schizacme. While eastward trans-Tasman dispersals predominate in the literature, 
supporting the hypothesis of a directional bias in long distance dispersals due to west wind drift at these latitudes, 
examples of westward dispersals are also proposed (Sanmartin and Ronquist 2004, Sanmartin et al. 2007). Other 
examples of putative westward trans-Tasman dispersals are proposed within Gaultheria L. (Bush et al. 2009), 
Ranunculus L. (Lockhart et al. 2001), Asplenium hookerianum (Perrie et al. 2010); Veronica ciliolata (Hook.f.) 
Cheeseman and V. densifolia (F.Muell.) F.Muell. (Meudt and Bayly 2008). 

Taxonomy 

Schizacme Dunlop, Flora of Australia 28: 314 (1996). 

Type species: Schizacme montana (Hook.f. ex Benth.) Dunlop, Flora of Australia 28: 314-315 (1996). 

Perennial subshrubs. Branches woody at base, nodose with residual leaf bases, minutely 4-winged or 
many-ridged. Stipules a membranous interpetiolar sheath. Leaves opposite, decussate, imbricate. Flowers 
solitary, terminal; subtended by paired, sepal-like or leaf-like bracts; perianth and androecium 4-merous. 
Calyx campanulate; lobes heteromorphic or ± equal in size and shape. Corolla white or translucent; lobes valvate 
or imbricate (cochlear). Stamens inserted at mouth of corolla in sinuses between lobes; filaments very short; 
anthers apiculate (by extension of connective), very slightly exserted beyond corolla tube, dehiscence introrse. 
Ovary superior, 2-locular, distally winged. Styles 2, erect, connivent. Fruiting calyx persistent; lobes slightly 
larger than in flower. Fruit a capsule, persistent, coriaceous to woody, semi-apocarpous; distal (free) portion of 
carpels somewhat or very broadly divaricate, distally winged or with wings forming a sheath between the locules; 
styles persistent or withering somewhat in fruit. Seeds few, ± elliptic. 

A genus of five species of perennial subshrubs in Australia (Victoria and Tasmania) and New Zealand (South 
Island and Stewart Island). 

Key to species of Schizacme 

1. Leaves ± petiolate, pliable, with margin thickened, if hyaline only narrowly and indistinctly so 

2. Pedicle glabrous, <1.3 mm long; calyx glabrous; styles 1.3-1.9 mm long; New Zealand .... S. helmsii 

2: Pedicle pilose or occasionally glabrescent, 2-35 mm long; calyx often pilose; lobes ciliate; styles 
<1.2 mm long; Australia.S. montana 

1: Leaves sessile, rigid, with margin distinctly pale or hyaline or apex with a hyaline apiculum 

3. Leaf apex obtuse, midrib distinct; capsule wider than long; Australia . S. archeri 

3: Leaf apex with a hyaline apiculum, midrib indistinct; capsule longer than wide; New Zealand 
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4. Leaves linear-oblong; if margin hyaline then narrowly so, glabrous; corolla lobes 0.6-1 mm long, 
0.8-1.2 mm wide .S. novae-zelandiae 

4: Leaves oblong to obovate; margin broadly hyaline in distal half or for most of their length, often ciliate at 
base (occasionally glabrous or glabrescent); corolla lobes 1-1.4 mm long, 0.4-0.8 mm wide .S. ciliata 

Schizacme archeri (Hook.f.) Dunlop, Flora of Australia 28: 315 (1996). 

Mitrasacme archeri Hook.f., Botany of the Antarctic Voyage... Volume 3, Flora Tasmaniae 2: 368 (1859). 

Holotype: Tasmania: Western Mountains, W. Archer s.n., without date (K883388, photograph!). 

Illustration: Stones M, Curtis W, Endemic Flora of Tasmania 2, t. 38 (1969), as M. archeri. 

Perennial cushion-forming subshrub to c. 5 cm high. Leaves sessile, rigid, oblong to narrowly obovate, 
2.5-3.5(-3.8) mm long, 0.9-1.3 mm wide; base slightly tapering; margin hyaline in distal half or for 
most of length, ciliate at base; apex obtuse; midrib distinct, venation other not visible. Bracts difficult to 
distinguish from leaves, so quantitative measurements not provided; margin minutely hyaline, ciliolate at base; 
apex obtuse or rounded. Pedicels up to 0.5 mm long (in flower), hence flowers subsessile, 0.2-2 mm long 
(in fruit), glabrous. Calyx tube 0.2-0.6 mm long, glabrous; lobes triangular or oblong, heteromorphic, 
1.4-1.8 mm long, 0.7-1 mm wide, glabrous or ciliolate at base; apex ± acute. Corolla campanulate, glabrous; 
tube 1.5-3 mm long; lobes acute, 1-2 mm long, 1-1.2 mm wide, imbricate (cochlear). Styles c. 0.75 mm 
long. Capsule laterally flattened (appearing cuneiform in lateral view), 2-2.3 mm long, 3-4.5(-5.5) mm wide; 
locules elongate, oblique; free (distal) portion of carpels very broadly divaricate, with wings forming a sheath 
between them; wings bilobed, labiate; styles persistent or withering somewhat in fruit. Seeds 2 or 3 per locule, 
c. 0.75 mm long, c. 0.50 mm wide. Fig. 3a. 

Distribution and habitat: Endemic to Tasmania, Australia, where it is widely distributed in the west of the 
state, south from Cradle Mountain, Central Highlands. Known to occur in mosaic cushion heath (Gibson 

and Hope 1986), but also collected on bare ground. Schizacme archeri is classified as a compact cushion 
(Gibson and Hope 1986), according to the system of Rauh (1939). 

Conservation status: Not threatened. 

Notes: The bracts of this species are difficult to distinguish from the leaves in herbarium material. Therefore, 
the characteristics of the bracts could not be measured with any confidence. Some fruiting material has the 
appearance of a calyx in two series, as described by Dunlop (1996c). The outer, larger whorl is perpendicular 
to the bracts in other species of Schizacme and, therefore, does not appear homologous. In flowering material 
the calyx is clearly 4-lobed with a short tube. Further study, preferably of fresh material, is required to gain a 
better understanding of calyx and bract development in this species. 

It is not known if the Archer collection cited below (NSW229370), without location, number or date, represents 
type material. 

Selected material examined (c. 41 specimens): AU STRALIA: TASMANIA: WEST COAST: Head of Melaleuca Creek, 

New Harbour, C. Davis ex F.A. Rodway herb. No. 6379, Jan 1938 (NSW); Mount Owen, W.V. Fitzgerald s.n.. Mar 1894 

(NSW229367); Mount Humboldt, L.R. Rodway s.n., without date (NSW229765); Frenchmans Cap, just below summit, 

A.M. Buchanan 12686,6 Dec 1992 (HO); Great Dome, Denison Range, A.M Buchanan 12993, 30 Jan 1993 (HO); SOUTH 

WEST: Mount La Perouse, F.A. Rodway herb. No. 6381, Dec 1898 (NSW); Adamsons Peak, L.R. Rodway s.n., Dec 1897 

(NSW229368); Low hills behind Coffin Bay, Port Davey, A.M. Buchanan 9286,5 Jan 1987 (HO); Mt Pollux, J.B. Kirkpatrick 

s.n. 13 Feb 1987 (H0511635); Elliot Hill, A. Moscal 11795, 17 Jan 1986 (HO); Mt Gaffney, A. Moscal 11666, 14 Jan 1986 

(HO); 3 km south-east of Federation Peak, A. Moscal2104,7 Mar 1983 (HO); CENTRAL HIGHLANDS: Cradle Mountain, 

F.A. Rodway herb. No. 6382, Dec 1915 (NSW); Cradle Mountain, G. Weindorfer s.n., Jan 1915 (NSW229363); Shannon 

Lagoon, Great Lake, A.V. Giblin s.n., c.1900s (H022539); North ridge of Mt Gell, P. Collier 1889, 15 Nov 1986 (HO); Top 

of Mt Ossa, J.B. Davies 75, 26 Nov 1989 (HO); Mountains of Jupiter, A.M Buchanan 12741, 31 Dec 1992 (HO); Eldon 

Bluff, summit of plateau, A.M. Buchanan 9997, 5 Feb 1987 (HO); MOUNT FIELD: Mount Field National Park: summit 

of Mount Field West, R. Melville 2323 (NSW, MEL), J.H. Willis, W. Curtis and D. Paton s.n., 12 Dec 1952 (NSW229372); 

Mount Field East, F.J.H. Mueller s.n., without date (NSW229371), “moorland mosaic track”, left-hand side of Dobson 

Road towards Lake Dobson, M.J. Henwood 865, 11 Feb 2010 (NSW, SYD); K. Col, Mt Field National Park, W.M. Curtis 

s.n., 7 Jan 1948 (H0327941); LOCALITY UNKNOWN: W.H. Archer s.n., without date (NSW229370). 

Schizacme montana (Hook.f. ex Benth.) Dunlop, Flora of Australia 28: 314-315 (1996). Mitrasacme montana 
Hook.f. ex Benth., Journal of the Proceedings of the Linnean Society Botany 1: 93-94 (1857). 

Type citation:cFJab. Ad montes Wellington et Black Bluff, Tasmania (Gunn).’ 
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Lectotype (designated here): Tasmania: South East: Mt Wellington, ‘V. D. Land’ [Van Diemen’s Land], 
R. C. Gunn s.n. [species number 2018 (Buchanan 1988)], without date (K883384, photograph!); probable 
isolectotype: H022547 (photograph!). 

Residual syntype: Tasmania: Central Highlands: Black Bluff Mountain, Feb. 1837, R.C. Gunn s.n. [species 
number 2018] (K883385, photograph!). 

Illustrations: Brooks V, in Hooker JD, Botany of the Antarctic Voyage... Volume 3, Flora Tasmaniae 1, PI. 88 
(1857), as M. montana; Brosch T, in Walsh NG, Entwistle TJ (eds) Flora of Victoria 4: 308, Fig. 60d (1999), as 
S. montana var. montana. 

Perennial subshrub to 8 cm high. Leaves ± petiolate, pliable; petiole winged, not readily distinguished 
from lamina base; lamina obovate, 5-12 mm long (including petiole), 1.5-5 mm wide; base attenuate; 
margin thickened or minutely hyaline, glabrous or occasionally ciliate; apex obtuse or rounded; midrib 
distinct, penninerved. Bracts sepal-like or leaf like, narrower than leaves, oblong (in flower), 3-8 mm long, 
1-2 mm wide, becoming obovate (in fruit), 3.5-9 mm long, 1-5 mm wide, glabrous; apex rounded. 
Pedicels 2-6 (-14) mm long (in flower), 2-35 mm long (in fruit), pilose or occasionally glabrescent (in fruit). 

Calyx tube difficult to distinguish from receptacle, 0.1-0.5 mm long, pilose or occasionally glabrescent; lobes 
slightly heteromorphic (with pair of lobes adjacent to bracts smaller and more membranous) or ± equal, ovate 
or elliptic, 1.8-4 mm long, 1.3-2.3 mm wide, ciliate, often pilose or papillose on abaxial surface; apex acute or 
obtuse. Corolla tubular, with few to many oblong to obovate spoon-like trichomes in sinuses, occasionally also 
with linear-triangular trichomes; tube 2-2.5 long; lobes acute, triangular, 0.8-1.3 mm long, 1-1.3 mm wide, 
valvate. Styles 1-1.2 mm long. Capsule laterally flattened (appearing cuneiform in lateral view); 2-4 mm long, 
3.5-8 mm wide; locules elongate, oblique; free (distal) portion of carpels very broadly divaricate with wings 
forming a sheath between them; wings bilobed, labiate; styles persistent or withering somewhat in fruit. Seeds 
2 to 4 per locule, 0.7-0.75 mm long, 0.4-0.5 mm wide. Figs 3b, 6. 

Distribution and habitat: Endemic to Australia (Victoria and Tasmania). In Victoria, this species is restricted 
to Mount Baw Baw. In Tasmania, S. montana is widespread in the west of the state, extending east to Mount 
Wellington, near Hobart. Often occurring in association with Gymnoschoenus sphaerocephalus (R.Br.) Hook.f. 

(buttongrass) in poorly drained sites. Although this species is commonly described as mat-forming, further 
field observations are required to determine whether S. montana also forms cushions in some habitats. 

Conservation status: Not threatened in Tasmania. The population at Mt Baw Baw, Victoria is listed as rare 
(Victorian Department of Sustainability and Environment 2005). 

Notes: The type sheet (Fig. 6) is a mixed collection, containing not only the Mount Wellington (K883384) 

and Black Bluff (K88385) collections mentioned in the protologue, but also two other collections, apparently 
sent to Hooker by Ferdinand Mueller. These are a Mueller 1861 collection from Mt Baw Baw (K883386) and 
an Oldfield collection, without date (K883387). Below these collections a description, citing the Oldfield 
collection, is annotated in Hooker’s hand with the manuscript name Mitrasacme montana cf. Hook.’ var. 
scapigera, following which the label has been signed by Ferdinand Mueller. It is unclear to whom the authority 

for the informal varietal epithet belongs. Although pedicel length is variable in S. montana, the variation does 
not appear to be of taxonomic significance. Schizacme montana exhibits a greater range of morphological 
variation, across a number of characters, than other species of Schizacme. It is likely this variation reflects the 
broader ecological and altitudinal range of S. montana compared with other species. 

Selected material examined (48 specimens): AUSTRALIA: VICTORIA: EASTERN HIGHLANDS: Mount Baw Baw 

National Park: Mount Baw Baw, Mueller s.n., 1861 (K883386 - photograph!); Currawong Flat, c. 1.1 km NE from Mount 

Baw Baw summit, N.G. Walsh 681, 5 Dec 1981 (MEL); J.H. Willis s.n., 10 Dec 1963 (MEL695895A). TASMANIA: WEST 

COAST: Gordon River, Vale of Rasselas, A.M. Buchanan 13060,1 Feb 1993 (HO); Zeehan, W.V. Fitzgerald ex herb. Burbury 

s.n., c. 18902 (HO123057); SOUTH WEST: SE ridge of the Lawson Range, A.M. Buchanan 8105, 25 Jan 1986 (HO); 

Jubilee Range, A. Moscal 9241, 13 Jan 1985 (HO); Mount Field National Park: Golden Stairs, above Lake Dobson, J.M.B. 

Smith 296, 6 Jan 1978 (HO); besides Lake Newdegate, J.M.B. Smith 437, 18 Jan 1978 (HO); CENTRAL HIGHLANDS: 

2 km W of Granite Tor, A.M. Buchanan 5490, 22 Jan 1985 (HO); 1.5 km E of Wylds Craig, A. Moscal 10210, 17 Mar 1985 

(HO); MOUNT WELLINGTON: Mt Wellington, W.M. Curtis s.n., 21 Jan 1945 (H0411532); 23 Jan 1945 (H0327939); 

L. Rodway s.n., Dec 1897 (NSW229360): summit on zig-zag track, M.J. Henwood 937, 19 Jun 2012 (NSW, SYD). 

Schizacme helmsii (Kirk) K.L.Gibbons, comb, et stat. nov. 

Mitrasacme montana Hook.f. ex Benth. var. helmsii Kirk, Transactions and Proceedings of the New Zealand 
Institute 22: 445, t. 32 (1890). 

Type citation: ‘Flab. South Island-Paparoa Ranges, Westland; 3,000ft. R. Helms! 
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Lectotype (designated here): New Zealand, South Island, Paparoa Ranges, Westland; 3000 ft; R. Helms s.n., 
Mar 1887 (WELT-SP011236); possible isolectotypes: WELT-SP011228 (photograph!), WELT-SP055982 
(photograph!). 

Illustration: Kirk T, Transactions and Proceedings of the New Zealand Institute 22: t. 32 (1890). 

Perennial subshrub to 5 cm high. Leaves ± petiolate, pliable, glabrous or occasionally with a few scattered 
hairs on adaxial surface near base; petiole winged, not readily distinguished from lamina base; lamina obovate, 
2.5-4.5 (-6) mm long (including petiole), 1.4-2.2 mm wide; base attenuate; margin thickened or minutely 
hyaline, glabrous; apex obtuse or rounded; midrib distinct, penninerved. Bracts sepal-like, narrower than 
leaves, oblong (in flower), 2.2-3.5 mm long, 1-1.2 mm wide, becoming narrowly obovate to obovate (in fruit), 

3.7-4.4 mm long, 1.1-1.5 mm wide, glabrous; apex obtuse or rounded. Pedicels up to 0.5 mm long (in flower), 
hence flowers subsessile; 0.2-1.3 mm long (in fruit), glabrous. Calyx glabrous; tube 0.2-0.7 mm long; lobes 
slightly heteromorphic (with pair of lobes adjacent to bracts smaller and more membranous) or ± equal, 
narrowly triangular to narrowly ovate; larger pair (1.7-) 2-2.7 mm long, 0.7-1.2 mm wide; apex acute or 

obtuse. Corolla tubular, with oblong to obovate spoon-like trichomes in sinuses (trichomes c. 85-200 pm 
long, 70-100 pm wide); tube 2.2-3.5 (-4.4) mm long; lobes acute to obtuse, 0.7-1.5 mm long, valvate. Styles 
1.3-1.9 mm long. Capsule laterally flattened (appearing cuneiform in lateral view); 2.5-2.9 mm long, 3.7-5 

mm wide; locules elongate, oblique; free (distal) portion of carpels very broadly divaricate, with wings forming 
a sheath between them; wings bilobed, labiate; styles persistent or withering somewhat in fruit, generally 
incurved. Seed number not seen, 0.6-0.8 mm long, 0.4-0.6 mm wide. Figs 4, 5. 

Etymology: The species epithet is in honour of the collector, Richard Helms, botanist and zoologist, 1842- 
1914 (Chisholm 1972). 

Distribution and habitat: Endemic to the South Island of New Zealand. This species is known only from the 
Paparoa Range, and Denniston and Stockton Plateaux, Western Nelson, occurring in wet heath communities 

(Wardle 1991). Although this species is commonly described as mat-forming, further field observations are 
required to determine whether S. helmsii also forms cushions in some habitats. 

Conservation status: Listed as Threatened - Nationally Endangered, qualified DP [Data Poor], RR [Range 
Restricted], Sp [Sparse] under the New Zealand Threat Classification System (de Lange 2013). Although 
naturally uncommon, the near restriction of this endemic species to coal seam measures of the Denniston and 
Stockton Plateaux means S. helmsii is threatened by active and potential coal mining in these regions (New 
Zealand Plant Conservation Network 2014). 

Notes: Allan (1961 p. 547) cites the type as “W. R. Helms, 1885”. Allan (1961 p. 547) cites the type as “W. 
R. Helms, 1885”, but this earlier collection from New Zealand, South Island, Paparoa Ranges, Westland; 
2,800 ft; R. Helms s.n., 1885, (WELT-SP011235) differs from the protologue in the stated altitude. For this 
reason, although it is likely to be original material, we have ruled it out as candidate for lectotypification. At 
WELT, there are three sheets of collections by Richard Helms at 3,000ft. in the Paparoa Ranges and we have 
chosen the sheet with the best representation of specimens and a label with a diagnostic statement in Kirk’s 
hand (WELT-SP011236) as lectotype. 

Schizacme helmsii differs from S. montana by the characters listed in Table 1. 

Material examined: NEW ZEALAND: SOUTH ISLAND: WESTLAND: Paparoa Ranges, 2800 ft; R. Helms s.n., 1885 

(WELT-SP011235); Mount Watson, Paparoa Range, c. 3000 ft, L.B. Moore & J. Clarke s.n., 14 Jan 1967 (CHR174709); 

saddle between Mt Davey and Sewell Peak, 880m, P. Wardle ‘No.3’, 19 Apr 1987 (CHR437837); Mt Davy, Paparoa Range, 

2800 ft, W.R.B. Oliver s.n., 26 Feb 1949 (WELT-SP038767); Track between Mount Davey and Sewell Peak, D. Glenny 

11640, 19 Nov 2012 (CHR); Grey County, P.G. Morgan s.n., without date (WELT-SP011234); lower slopes Mt. Rochford, 

Denniston Plateau, 600m, M.J.A. Simpson 7844, 9 Apr 1976, (CHR); Denniston Plateau, 2150 ft, A.P. Druce s.n., Jan 1981 

(CHR389239); Mt Frederick, 1080m, A.P Druce s.n., Jan 1987 (CHR395821). 

Schizacme novae-zelandiae (Hook.f.) K.L.Gibbons, comb. nov. 

Mitrasacme novae-zelandiae Hook.f., Handbook of the New Zealand Flora 2:737 (1867). 

Holotype: New Zealand, South Island, Dusky Bay, on the hills, alt. 3500ft, Hector & J. Buchanan ‘No. 65’, 1863, 
(K883460, photograph!). 

Perennial cushion-forming subshrub to 3 cm high. Leaves sessile, rigid, densely imbricate, linear-oblong, 
concavo-convex, 2.7-4 mm long (excluding apiculum), 0.5-0.9 mm wide, glabrous; margins minutely hyaline 
in distal half or for most their length; apex with hyaline apiculum 0.1-0.5 mm long; midrib indistinct, 
other venation not visible. Bracts difficult to distinguish from leaves, linear to oblong, 2.2-2.7 mm long, 

0.5-0.7 mm wide, glabrous; with hyaline apiculum 0.2-0.3 mm long. Pedicels <0.1 mm, glabrous. 
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Fig. 4. Schizacme helmsii. a, b. details of flowers and leaves; c. gynoecium, showing wings; d. capsule and leaves (D. Glenny 

11640). Images: P.J. Heenan. Scale bar: a, b, d = 2 mm; c = 1 mm. 
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Calyx glabrous; tube 0.4-0.6 mm long; lobes narrowly triangular to triangular, with one pair slightly larger 
or lobes more or less equal, 1-1.9 mm long, 0.4-1 mm wide; with hyaline apiculum 0.1-0.2 mm long. 

Corolla campanulate, glabrous; tube 1.7-3 mm long; lobes obtuse, ± acuminate, 0.6-1 mm long, 0.8-1.2 mm 
wide, imbricate (cochlear). Styles 0.4-0.5 mm long. Capsule slightly laterally flattened, 2.2-3.4 mm long, 
1.9-2.5 mm wide; locules ±globular; wings distal, navicular. Seed number not seen, 0.6-0.7 mm long, 0.4-0.5 
mm wide. Figs 5, 7, 8. 

Distribution and habitat: Endemic to the South Island of New Zealand, from North West Nelson to Fiordland. 
Occurring in Chionochloa Zotov tussock grasslands in wet heath and mountain heath communities, in mosaic 
cushions dominated by Donatia novae-zelandiae Hook.f. (Wardle 1991). Flowers November to January, fruit 
January. 

Conservation status: Not threatened (de Lange 2013) 

Notes: In the mixed Cockayne collection (Hills’Peak, 1360ft, L. Cockayne 5656, without date, WELT-SP011225) 
referred to by Cheeseman (1906 p. 442), the narrower-leaved material, is consistent with the type material. 

Other material examined: NEW ZEALAND: SOUTH ISLAND: WESTERN NELSON: Mt. Goul, /. Ballin s.n., Dec 

1963 (CHR147537); Mt Goul, W.B. Brockie s.n., without date (CHR 259057); Perry Saddle, 2900 ft, A.P. Druce s.n., Jan 

1973 (CHR222853); Above Lake Cobb, head of Cobb Valley, 4000 ft, A.P. Druce s.n., Jan 1970 (CHR252169); Gunner 

Downs, 3800 ft, A.P. Druce s.n., Nov 1979 (CHR363492); Zetland Basin, Allen Range, 4000 ft, A.P. Druce s.n., Jan 1981 

(CHR387106). WESTLAND: Paparoa Range, Mount Rajah, 2700 ft, L.B. Moore &J. Clarke s.n., 14 Jan 1967 (CHR174596); 

Paparoa Range, near Mt. Rajah, 2700 ft, L.B. Moore, J. Clarke & I. Robins s.n., 18 Dec 1965 (CHR168043); Lake Dime on 

Mataketake Range, 3800 ft, P. Wardle & R.P. Buxton s.n., 2 Dec 1991 (CHR476872A, B); CANTERBURY: Arthur’s Pass, 

L.B. Moore s.n., 2 Dec 1973 (CHR243861); Arthur’s Pass National Park, Minchin Pass Bivouac, D. Glenny 11049, 23 Nov 

2010 (CHR); Arthur’s Pass, Hill’s Peak, 1360ft, L. Cockayne 5656, without date (WELT) (mixed collection with S. ciliata). 

Schizacme ciliata K.L.Gibbons, sp. nov. 

Holotype: New Zealand, Stewart Island, [Port] Pegasus, B.C. Aston s.n., Nov 1907 (WELT-SP055737). 

Diagnosis: Closely allied to S. novae-zelandiae but differs in leaves being oblong to obovate, 0.8-1.4 mm 
wide, (linear-oblong, 0.5-0.9 mm wide in S. novae-zelandiae) with margin more pronounced hyaline and 
usually with ciliate hairs at base (S. novae-zelandiae always glabrous); corolla tube shorter (c. 1.2 mm long cf. 

Fig. 5. Distribution of Schizacme in New Zealand (South Island and Stewart Island). • S. helmsii, □ S. novae-zelandiae, 

A S. ciliata. 
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S. novae-zelandiae 1.7-3 mm long) and corolla lobes longer and narrower (1-1.4 mm long, 0.4-0.8 mm wide cf. 
S. novae-zelandiae 0.6-1 mm long, 0.8-1.2 mm wide). 

Perennial cushion-forming subshrub to 3 cm high. Leaves sessile, rigid, densely imbricate, oblong to obovate, 
2-4 mm long, 0.8-1.4 mm wide; margins hyaline in distal half or for most their length, with 1-10 pairs of ciliate 
hairs at base, or occasionally glabrous or glabrescent; apex with hyaline apiculum 0.1-0.8 (-1.4) mm long; 
midrib indistinct, other venation not visible. Bracts difficult to distinguish from leaves, oblong to obovate, 
c. 3.5 mm long, c. 0.8-1 mm wide, cililate; with hyaline apiculum c. 0.3 mm long. Pedicels <0.1 mm, glabrous. 
Calyx glabrous; tube 0.3-0.5 mm long; lobes linear-oblong, more or less equal, 1.2-2.2 mm long, 0.5-0.8 mm 
wide; with hyaline apiculum 0.1-0.2 mm long. Corolla tubular, glabrous; tube c. 1.2 mm long; lobes acute, 
c. 1-1.4 mm long, c. 0.4-0.8 mm wide, aestivation not seen. Styles c. 0.6 mm long Capsule slightly laterally 
flattened, 3.2- 3.6 mm long, 1.5-2 mm wide; locules ^globular; wings distal, navicular. Seed number not seen, 
c. 0.75 mm long, c. 0.40 mm wide. Figs 5, 8. 

Etymology: The specific epithet refers to the ciliate hairs at the base of the leaves. 

Distribution and habitat: Endemic to New Zealand: Stewart Island and South Island. In the south Island, 
known from Fiordland and from one collection from Hill’s Peak, Arthur’s Pass, Canterbury (a mixed collection 

Fig. 7. Schizacme novae-zelandiae: a. Showing leaves and flower; b. Open flowers showing staminal filaments, anthers, 

and stigmas; c. photograph of habitat, with flowering species growing with Donatia novae-zelandiae (right) (all D. Glenny 

11049). Images: D. Glenny. Scale bar: a, c = 4 mm; b = 1 mm. 
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Fig. 8. Illustration of Schizacme ciliata and S. novae-zelandiae. Schizacme ciliata, a. habit; b. leaf; c. flower in situ; d. flower, 

side view; e. longitudinal section (l.s.) of flower showing carpel; f. corolla open; g. fruit, showing calyx; h. fruit, l.s. with 

mature seeds in situ; i, j. seed, a, b, g-j. from T. Kirk s.n., 22 Jan 1887 (WELT-SP011229); c-f. from B.C. Aston s.n., Nov 

1907 (WELT-SP055737). Schizacme novae-zelandiae, k. habit; 1. leaf; m. flower, side view; n. flower in situ; o. flower, 

l.s. showing carpel; p. immature fruit, showing ovules; q. fruit in situ showing calyx; r. fruit, side view; s. corolla open; 

t, u. seed, k, 1, p, s. from L.B. Moore, J. Clarke & I. Robins s.n., 18 Dec 1965 (CHR168043); m, n, o. from P. Wardle & R.P. 

Buxton s.n., 2 Dec 1991 (CHR476872A); q, r, t, u. from A.P. Druce s.n., Jan 1973 (CHR222853). Scale bar: a, k = 15 mm; 

b, d, f-h, 1, m, p-s = 4 mm; c, n = 6 mm; e, o = 3 mm; i, j, t, u = 2 mm. Illustration: Lesley Elkan. 
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with S. novae-zelandiae). In Stewart Island, occurring on very wet upland peat with Donatia novae-zelandiae 
and Oreoboluspectinatus Hook.f. (Wardle 1991). 

Conservation status: This new species is imperfectly known and has not been recently collected. Further field 
observations are needed to access the status of previously recorded populations and to better characterise 
the habitat preferences of S. ciliata. In the meantime, an interim listing of At Risk - Naturally Uncommon, 
qualified DP [Data Poor] and RR [Range Restricted] would be appropriate, because Wardle (1999) suggests 
that at least Stewart Island populations are confined to very wet peat habitats. Recorded populations presently 
occur on protected land. 

Notes: Only one flowering specimen (holotype, collected in November) was available for study. Fruiting 
specimens were collected in January or without date (cited below). Further field studies are required to 
determine whether flowering time is earlier than that of S. novae-zelandiae. 

Some collections from Fiordland might represent intermediates between S. novae-zelandiae and S. ciliata. 

Other material examined: NEW ZEALAND: SOUTH ISLAND: CANTERBURY: Arthur’s Pass, Hills’ Peak, 1360ft, 

L. Cockayne 5656, without date (WELT) (mixed collection with S. novae-zelandiae). RAKIURA: Stewart Island: Near 

trigl9061 north of Smith’s Lookout, 215 m, H.D. Wilson 210, 8 Apr 1978, (CHR - sterile); Rakaiahua [Rakeahua], T. Kirk 

s.n., without date (WELT-SPO11226); Highest point of Smith’s Lookout, T. Kirk s.n., 22 Jan 1887 (WELT-SPO11229); 

Smith’s Lookout, T. Kirk s.n., 22 Jan 1887, (WELT-SP055735); Fraser Peaks, T. Kirk s.n., without date (WELT-SPO 11233); 

Fraser Peaks, T. Kirk s.n., 24 Jan 1887 (WELT-SP055736). 

Excluded names in Mitrasacme in New Zealand 

Accepted and excluded names in Australian Mitrasacme are listed in Dunlop (1996a). There are now no 
remaining accepted names in Mitrasacme in New Zealand. 

Mitrasacme hookeri Buchanan, Transactions and Proceedings of the New Zealand Institute 14: 348, PL 29, 
fig. 1 (1881 [1882]). 

= Veronica hookeri (Buchanan) Garn.-Jones, Taxon 56: 577 (2007). Logania ciliolata Hook.f., Handbook of the 
New Zealand Flora 737 (1867). Hebe ciliolata (Hook.f.) Cockayne & Allan, Transactions and Proceedings of the 
New Zealand Institute 57: 39 (1926). Leonohebe ciliolata (Hook.f.) Heads, Botanical Society of Otago Newsletter 
5: 5 (1987). Veronica gilliesiana Kirk, Transactions and Proceedings of the New Zealand Institute 28: 519 (1896). 
Hebe gilliesiana (Kirk) J.T.Wall, New Flora and Silva 11:135 (1939). 

Mitrasacme petriei Buchanan, Transactions and Proceedings of the New Zealand Institute 14: 349, Pi. 30, fig. 1 
(1881 [1882]). 

= Veronica petriei (Buchanan) Kirk, Transactions and Proceedings of the New Zealand Institute 28: 517 (1896). 
Hebe petriei (Buchanan) Cockayne & Allan, Transactions and Proceedings of the New Zealand Institute 57: 42 
(1926). Leonohebe petriei (Buchanan) Heads, Botanical Society of Otago Newsletter 5: 6 (1987). 

Mitrasacme cheesemanii Buchanan, Transactions and Proceedings of the New Zealand Institute 14: 348, PL 29, 
fig. 2 (1881 [1882]). 

= Veronica quadrifaria Kirk, Transactions and Proceedings of the New Zealand Institute 28: 521 (1896). Hebe 
cheesemanii (Buchanan) Cockayne & Allan, Transactions and Proceedings of the New Zealand Institute 57: 39 
(1926). Leonohebe cheesemanii (Buchanan) Heads, Botanical Society of Otago Newsletter 5: 5 (1987). 

Informal names in Mitrasacme in New Zealand 

Allan (1961) p. 547 makes note of a specimen held at WELT labelled by Petrie as “M hydrophila sp. nov. inedit”. 
This specimen has been identified as Coprosma atropurpurea (Cockayne & Allan) L.B.Moore. 
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Appendix 1. Accessions and Genbank numbers for the nucleotide sequences included in the phylogenetic analyses. 

Genbank numbers for accessions sequenced for this study are shown in bold. All other accessions were sequenced for Gibbons et al. (2012). 

Locations: AUS=Australia. NZ=New Zealand. Within Australia, NSW = New South Wales, NT = Northern Territory, Tas. = Tasmania, SA 

= South Australia, Qld. = Queensland, WA = Western Australia 

Taxa Locality Voucher GenBank accession 
petD ETS 

Adelphacme 

A. minima (B.J.Conn) 

K.L.Gibbons, B.J.Conn & 
M.J. Hen wood 

NE of Walpole, WA, AUS AR Annels & R Hearn s.n., 

NSW366874 

JX046121 JX029168 

Mitrasacme 

Subgen. Mitrasacme 

M. brachystemonea Domin S of Musgrave, Cape York 

Peninsula, Qld, AUS 

KL Gibbons 99, NSW JX046108 JX029162 

M. glaucescens Dunlop Kakadu National Park, NT, AUS KL Gibbons 83, NSW JX046116 JX029165 

M. latiflora S.Moore Pine Creek, NT, AUS KL Gibbons 85, NSW JX046112 JX029160 

M. multicaulis R.Br. Howard Springs, NT, AUS KL Gibbons 61, NSW JX046117 JX029155 

M. nudicaulis Reinw. 

ex Blume var. nudicaulis 
Edith Falls, NT, AUS KL Gibbons 54, NSW JX046118 JX029164 

M. oasena Dunlop Gorge Creek, Atherton Tablelands, 
Qld, AUS 

KL Gibbons 90, NSW JX046115 JX029156 

M. phascoides R.Br. Lakefield National Park, Qld, AUS KL Gibbons 108, NSW JX046114 JX029161 

M. polymorpha R.Br. Fitzroy Falls, NSW, AUS KL Gibbons 47, NSW JX046110 JX029158 

M. scrithicola Dunlop Kakadu National Park, NT, AUS KL Gibbons 80, NSW JX046109 JX029159 

M. serpyllifolia R.Br. Lawson, NSW, AUS KL Gibbons 50, NSW JX046111 JX029157 

M. stellata R.Br. Bamboo Range, Cape York Peninsula, Qld, 

AUS 

KL Gibbons 102, NSW JX046107 JX029163 

M. subvolubilis F.Muell. Near Berry Springs, NT, AUS KL Gibbons 71, NSW JX046113 JX029154 

Subgen. Schizogyne 

M. secede ns Dunlop 

Subgen. Plecocalyx 

Bullo River Station, NT, AUS ID Cowie 12116, DNA, 

D0190868 

KP100458 KP100465 

M. foliosa C.A.Gardiner 30.5km SSW of (new) Theda Station 

Homestead, North Kimberley, WA, AUS 

MD Barrett 3087, PERTH KP100457 KP100464 

M. laxiceps Dunlop Theda Station, south side of Morgan 

River, south of new homestead, North 

Kimberley, WA, AUS 

RL Barrett 6932, PERTH KP100456 KP100463 

Phyllangium 

P. paradoxum (R.Br.) Dunlop Kings Park, WA, AUS RL Barrett s.n. 17/10/2010, 

NSW888263 

JX046119 JX029166 

P. sulcatum Dunlop Wogerlin Rock, 18.5 km N of Corrigin, 

WA, AUS 

RL Barrett 5885 

& MD Barrett, PERTH 

KP100462 KP100469 

Schizacme 

5. archeri (Hook.f) Dunlop Mt Field National Park, Tas, AUS MJ Henwood 865, SYD JX046120 JX029167 

5. montana (Hook.f. ex 

Benth.) Dunlop 
Mt Wellington,Tas, AUS MJ Henwood 937, SYD KP100461 KP100468 

5. helmsii (Kirk) K.L.Gibbons Saddle between Mount Davey and Sewell 

(syn. M. montana var. helmsii Peak, Westland, NZ 

Kirk) 

D Glenny 11640, 

CHR624366 

KP100459 KP100466 

5. novae-zelandiae (Hook.f.) 
K.L.Gibbons (syn. M. novae- 
zelandiae Hook.f.) 

Minchin Pass Bivouac, Arthur's Pass 
National Pass, NZ 

D Glenny 11049, 

CHR615667 

KP100460 KP100467 
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Abstract 

Bryophytes are significant contributors to floristic diversity, but they are often neglected in field surveys and collections. 

Thus, in order to obtain more accurate estimates of plant richness, there must be reliable estimates of bryophyte diversity 

To address this, we examined whether another plant group, namely the ferns, could be used as a surrogate for bryophytes. 

We used datasets spanning the entire Australian continent for mosses, liverworts, liverworts+hornworts, ferns, and 

conifers (hornworts were aggregated into the group liverworts+hornworts). Two measures of richness were examined 

across the continent (as 50 km X 50 km grid cells): uncorrected richness and sample-standardised richness. We calculated 

the correlations among richness of all of the groups to test the hypothesis that fern diversity predicts bryophyte diversity 

(because of shared ecological preferences) while conifer diversity does not. Conifers showed very little correlation to 

either of the four plant groups, whereas ferns were highly correlated to mosses and to a lesser extent to liverworts and 

liverworts+hornworts. Liverworts, as well as liverworts+hornworts, and mosses were also strongly correlated. These results 

indicate that surrogates can assist in estimating the diversity and the conservation of other poorly collected plant groups. 

Introduction 

Although bryophytes are the most species-rich plant group after angiosperms, they are under-studied and 
under-collected (Delgadillo 1996; Poes et al. 2011) (herein “bryophytes” is used to refer to the paraphytic 
assemblage of mosses, liverworts, and hornworts). Thus, in order to make predictions about bryophyte 
richness, potential surrogates have been assessed. These surrogates are from better-collected groups such as 
ferns, woody plants, overstorey plants, understorey plants, and vascular plants (Pharo et al. 1999; Chiarucci 
et al. 2007; Mandl et al. 2010). Of these groups, fern richness best correlates with bryophyte richness (Pharo 
et al. 1999; Mandl et al. 2010). This is not surprising given that both ferns and bryophytes disperse via spores, 
share a requirement for water during the sexual reproductive phase of their life cycles, and prefer moist 
habitats. However, these fern and bryophyte correlations are derived from quadrats - the relationship at larger 
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geographic scales requires further testing, although ostensibly it appears to hold. For example in the United 
Kingdom, bryophyte hotspots mirrored pteridophyte hotspots (ferns and lycophytes) (Lawton et al. 1994). 
Australia provides a good test case since richness patterns of ferns and bryophytes have recently been studied 
in detail (Stevenson et al. 2012; Nagalingum et al., in revision), and because Australia is considerably larger 
than the UK, with significantly more environmental diversity. 

It is preferable to calculate biodiversity patterns directly from the original data; however, there are cases where 
the original data are meagre and surrogates could assist with inferring patterns. Surrogates can be either 
taxonomic groups or environmental conditions (termed “ED” for environmental diversity, see citations for 
a full discussion) (Humphries et al. 1995; Faith and Walker 1996; Gaston 2000; Moritz et al. 2001). Surrogate 
groups can be at a higher taxonomic level, such as genera or families for estimating species (Gaston and 
Williams 1993), or they can be species that share similar distribution patterns (Moritz et al. 2001). Here we test 
the use of ferns as surrogates for the various bryophyte groups, on the assumption that they have comparable 
distributions based on similar requirements for water (see above). 

To assess broad-scale richness, herbarium collections data are being increasingly used, such as Australia’s 
Virtual Herbarium for plant groups in Australia (Crisp et al. 2001; Gonzalez-Orozco et al. 2011; Stevenson 
et al. 2012; Gonzalez-Orozco et al. 2012; Mishler et al. 2014). One of the factors to consider when inferring 
richness from herbarium data are sampling biases, which can be categorized as “morphological” and 

“geographical.” Morphological sampling biases occur because of the plants’ intrinsic appearance making some 
preferentially collected over others, such as large versus small plants, or plants with attractive versus dull flower 
colour (Schmidt-Lebuhn et al. 2013). Differences in geographic sampling are linked to accessibility, or ease of 
collecting (Funk and Richardson 2002; Graham et al. 2004; Loiselle et al. 2008). This is termed the “roadside 
effect” where there are more samples along areas such as roadsides, towns and biological stations. In addition, 
geographic sampling biases may occur among climatic zones where there is uneven collecting among regions 
with differences in temperature, rainfall, and seasonality (Loiselle et al. 2008). These various geographic biases 
will lead to apparently greater richness in some areas because they are more thoroughly sampled. To correct 
for differences in sampling, richness is often standardised by the number of samples (Maurer and McGill 
2011). Given that these biases may affect the study groups herein and because under-collecting likely impacts 
bryophyte richness, we calculated sample-standardised richness alongside unstandardised richness. 

The aim of this paper was to test whether fern and bryophyte hotspots are correlated, and whether fern richness 
can be used as a surrogate for bryophyte richness. As a comparison, we used conifers, which were hypothesized 
to correlate poorly with ferns and bryophytes. More specifically, this study examined correlations between 
species richness or corrected species richness for ferns, liverworts, liverworts+hornworts, mosses, and conifers 
using generalized linear models. 

Materials and Methods 

Sources of data 

To compare richness patterns, herbarium distribution records for ferns, liverworts, hornwort, mosses, and 
conifers were obtained from three previous studies (Stevenson et al. 2012; Lee 2013; Nagalingum et al., in 
revision) (Table 1). These data were originally derived from Australia’s Virtual Herbarium (AVH, http:// 
avh.ala.org.au/), which hosts collection records from all major herbaria of Australia. After downloading 
from AVH, the data were cleaned to remove cultivated material, and they were reconciled and updated to 
consistent taxonomic names (see original publications for full explanations). Data from the hornworts were 
newly downloaded from AVH and cleaned; because of the small size of the dataset, they were aggregated with 
liverworts, and analysed as liverworts+hornworts. 

Measuring sampling effort and richness 

Data were imported into the program Biodiverse v 0.99_004 (Laffan et al. 2010), and richness was measured 
using 50 km x 50 km grid cells. When there are several collections of the same taxon in a grid cell, the additional 
records are ignored, leaving a smaller number of records (Table 1, unique records). These unique records 
can be used as an indication of the number of replicate samples, and thus sampling effort. In addition, the 

sampling effort can be numerically represented as redundancy where R is richness and N is the total number 
of collection records (samples), averaged across all of the grid cells: 

R 
Redundancy = 1 — — 
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In the redundancy values presented here, we calculated the redundancy per grid cell, and all grid cell values 
were averaged for the whole of Australia. The redundancy was calculated separately for each group, and was 
used to compare the sampling across groups. 

Two measures of richness were used, standard uncorrected richness (R) and corrected richness (RMaraalef)- 
Standard richness is simply the total number of species present in a grid cell. Margalef richness, which can 
be referred to as corrected richness or sample-standardised richness, was calculated in order to facilitate 
comparisons among the plant groups. This is particularly useful because our different comparison groups had 
substantially different collecting effort (total records, Table 1). For each grid cell, R is subtracted by one, then 
divided by the natural log of N, where N is the total number of collection records (Magurran 2004; Magurran 
and McGill 2011): 

R Margalef 

R- 1 

In N 

Detecting correlations 

All of the analyses described below were performed in R (R Core Team 2014). Correlations were assessed for 
the ferns, liverworts, liverworts+hornworts, mosses, and conifers. Testing for correlations required merging 
the separate datasets for each group, and we refer to these merged datasets using a hyphen, e.g., ferns-mosses. 
The term “liverworts/liverworts+hornworts” is used when the results of the liverworts analysis are identical to 
the liverworts+hornworts analysis. 

The individual group datasets were combined in two ways. First, the datasets were merged and restricted to 
grid cells where both plant groups occur; thus, when one group is absent (it has “zero richness”) the grid cell 
was discarded (termed R datasets). Otherwise, the datasets were combined and all grid cells were retained 
regardless of whether both groups were present, and so for these datasets there were cells with “zero richness” 
(R ). The correlations for corrected richness (R., .,) were performed on the R datasets. 

An issue when assessing correlations using herbarium records is that the data are not normally distributed, 
violating one of the key conditions for performing a linear regression (Bolker et al. 2009). Therefore, generalised 
linear models (GLMs) were employed because they incorporate an additional term to account for data with 
non-normal distributions, such as Poisson, gamma and binomial. Thus in this study, correlations between 
each of the study groups were tested using GLMs with Poisson distributions. The Poisson distribution, which 
describes discrete quantitative data with values greater than zero, was selected because it best describes the 
richness data (as compared to binomial, gamma and normal distributions). For each GLM, the following 
were recorded: percent of deviance explained (equivalent to r2), and the statistical significance of the z score of 
Wald’s test (equivalent to p-value). 

Results 

Of all the groups, the mosses were the most species-rich with 1,324 species, and they also had the highest 
number of samples with over 80,000 collection records (Table 1). Liverworts were next highest in terms of 
number of species, with half of the species diversity of mosses, but only one fifth of the number of collections. 
Including hornworts with liverworts increased the numbers of collections only modestly (467 collections 
records). In contrast, ferns had moderate species diversity, but are represented by substantial numbers of 
collections, while conifers had low diversity and collection records (Table 1). These disparate values were 
reflected in the ratio of collections to species richness (records per species) and redundancy, where conifers 
had the highest ratio and redundancy followed by ferns, mosses, and lastly liverworts/liverworts+hornworts 
(Table 1). When the datasets were examined geographically in grid cells across the Australian continent, the 
total number of grid cells sampled across the Australian continent was 2,278. Individually, ferns and mosses 
were found in the most grid cells with 1,986 and 1,231 grid cells respectively (Table 1, Fig. 1) Conifers and 
liverworts were found in fewer cells with 832 and 829 cells respectively (Table 1, Fig. 1). The hornworts are 
found in only 130 cells (Table 1, Fig. 1). Inclusion of the hornworts with liverworts did not substantially 
change the ratio of records to species, redundancy or number of grid cells (Table 1). 

Across the whole of the continent, all plant groups had greatest species richness in the Wet Tropics (Fig. 1, 
red-orange). The ferns, mosses, and liverworts had closely comparable geographic patterns with the majority 
of richness concentrated along the east coast margin (Fig. 1A-C, yellow-light blue). Hornwort hotspots 
correspond to the major cities, and they are generally poorly collected across the continent (Fig. ID). The 
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Figure 1. Richness patterns across Australia for all groups examined. A. mosses, B. ferns, C. liverworts, D. hornworts, 

E. liverworts+hornworts, F. conifers. Richness is measured as the number of species per 50 km X 50 km grid cell. 
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aggregated liverwort+hornwort data (Fig. IE) essentially matches the pattern for liverworts alone (Fig. 1C). 
Conifers had moderate richness along the east coast, but there were additional significant centres of richness in 
the Border Ranges at the Queensland-New South Wales border, southwest Australia, and especially Tasmania 

(Fig. IF). 

Correlations were performed on reduced datasets in which both plant groups occur in the grid cells (R, richness 
was greater than or equal to one). Since ferns and mosses were individually in the most grid cells, it is not 
surprising that the combined fern-moss richness (R) dataset was the largest at over 1,000 grid cells (Table 2). 
The other four datasets were all similar in size with about 600-700 grid cells, but the conifer-liverwort dataset 
was significantly smaller at 438 grid cells. Another group of datasets were those where all grid cells were 
merged, that is, when one group had “zero richness” in the cell (Rzero> richness was greater than or equal to 
zero). Consistently, combined datasets incorporating the ferns were the largest with over 2,000 cells (Table 2). 

The third group of datasets were of sample-standardised richness, RMargalef> calculated from the datasets. These 
were smaller than the original datasets because grid cells that have one collection record yield richness values 
of zero (this is because the numerator of the calculation is R-l), and so were excluded from the analyses. All 
of the RMargakf datasets were approximately three quarters to half the size of the original R datasets (Table 2). 

Similarities in the maps of geographic richness patterns between ferns, mosses, and liverworts/ 
liverworts+hornworts were further evident when the richness values were plotted against one another (Fig. 
2). In the scatterplots, these groups showed corresponding increases in richness (Fig. 2A-E), however, conifer 
richness did not appear to increase with greater fern, moss, or liverworts/liverworts+hornworts richness as 
evidenced by a wide scatter of points along both axes of the plots (Fig. 2F-I). These relationships were explicitly 
tested using generalised linear models (GLMs; Table 2), and all correlations were highly significant at less 
than 0.005 (not shown). The two groups that had the highest correlation were the ferns-mosses where the 

Table 1. Summary of the data for all groups examined in this study. "Records per species" is obtained by dividing the 
number of records by the number of species, thus, it is a simple measure of collecting effort. "Unique records" refers to the 
number of records remaining when duplicate records of a species (in a grid cell) are discarded from the dataset. "Redundancy" 
is an additional measure of sampling quality, where values close to zero indicate possible under-sampling, while those close 
to one indicate well-sampled cells. Redundancy is measured for all taxa in a grid cell and averaged across all grid cells. 

Collection records Species Records/species Unique records Redundancy Grid cells 

Mosses 83,639 839 100 24,597 0.29 1,231 

Ferns 63,230 386 164 18,050 0.32 1,986 

Liverworts 17,454 745 23 7,686 0.21 829 

Hornworts 467 14 33 207 0.26 130 

Liverworts+hornworts 17,921 759 23 7,893 0.21 836 

Conifers 7,536 39 193 1,583 0.46 832 

Table 2. Correlations between plant groups using generalized linear regressions. R is uncorrected richness calculated where 
species richness is >1, Rzero is uncorrected richness calculated where species richness is >0, and RMargalef represents sample- 
standardised richness. %DE is the percentage of deviance explained, describing the goodness of fit, and is equivalent to r2. 
All p-values on the z scores are highly significant below 0.005, except where the superscript NS indicates non-significance. 

#cells 

R 

%DE #cells 

R 
zero 

%DE 

R 

#cells 

Margalef 

%DE 

Ferns-mosses 1047 51.1% 2170 51.4% 768 49.5% 

Liverworts-ferns 731 38.4% 2084 36.9% 462 39.4% 

Liverworts+hornworts-ferns 736 38.6% 2086 37.0% 465 39.8% 

Liverworts-mosses 712 48.0% 1348 44.5% 474 53.2% 

Liverworts+hornworts-mosses 717 48.1% 1350 44.6% 477 53.5% 

Conifers-ferns 716 27.1% 2102 36.0% 307 7.9% 

Conifers-mosses 635 17.8% 1428 23.8% 317 2.7% 

Conifers-liverworts 483 24.0% 1178 26.7% 204 3.0% 

Conifers-liverworts+hornworts 485 19.6% 1183 13.2% 205 2.6%NS 
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Figure 2. Scatterplots showing relationships between uncorrected richness (R) for all of the groups examined. 

A. ferns and mosses, B. ferns and liverworts, C. ferns and liverworts+hornworts, D. mosses and liverworts, E. mosses and 

liverworts+hornworts, F. ferns and conifers, G. mosses and conifers, H. liverworts and conifers, I. liverworts+hornworts 

and conifers. All x and y axes represent richness, that is the number of species per grid cell. %DE is the percentage of 

deviance explained and is a measure of the goodness of fit (equivalent to r2 from linear regressions). All p-values on the 

z scores are highly significant below 0.005. 
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Figure 3. Scatterplots showing relationships between sample-standardised richness (RMargalef) for all of the groups 

examined. A. ferns and mosses, B. ferns and liverworts, C. ferns and liverworts+hornworts, D. mosses and liverworts, 

E. mosses and liverworts+hornworts, F. ferns and conifers, G. mosses and conifers, H. liverworts and conifers, 

I. liverworts+hornworts and conifers. All x and y axes are equal to Margalef richness, that is the number of species per grid 

cell corrected by the number of samples in that grid cell. %DE is the percentage of deviance explained and is a measure 

of the goodness of fit (equivalent to r2 from linear regressions). All p-values on the z scores are highly significant below 

0.005, except where the superscript NS indicates non-significance. 
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GLM accounted for 51.1% of the deviance explained (DE=the proportion of deviance explained by the GLM, 
which is equivalent to r2 of a linear model). Richness of liverworts-mosses had a similar correlation at 48.0%, 
and liverworts-ferns were lower at 38.4% (Table 2). In comparison, all correlations involving conifers had 
lower correlation values ranging from 17.8% to 27.1% (Table 2). Using cells that had richness values either 
greater than or equal to one for both groups (R) or greater than or equal to zero (Rzero) did not yield any 
pronounced differences in the correlation values (Table 2). Since we cannot discern whether the zero values 
are the result of undersampling or true absences, we focused on the results from the R correlations. Correcting 
richness for differences in sampling, RMargalef> did not substantially change any of the correlations among ferns, 
mosses, and liverworts/liverworts+hornworts (Table 2; Fig. 3). However, there were even poorer correlations 
between conifers and the other plant groups, ranging from 3.6% to 7.9% (Table 2). These poor correlations are 
apparent in the plots showing widely scattered points in no apparent pattern (Fig. 3G-I). For all of the analyses 

conducted, R and RMargalef> inclusion of the hornworts with liverworts, resulted in almost no changes to the plots 
and correlation values (Figs 2, 3, Table 2). 

Discussion 

Using generalized linear models, we found that the best-correlated groups were the mosses, liverworts/ 
liverworts+hornworts, and ferns; and depending on the richness measure used, the pairs that had the highest 
correlations were ferns-mosses or mosses-liverworts/liverworts+hornworts. For both richness measures, the 
ferns-mosses were correlated with values around 50%; however, ferns-liverworts had the lowest correlations 
with values typically below 40%. Since all of these correlations were significant, our results indicate that ferns 
can potentially be used as a proxy for moss diversity, and to a lesser extent for the liverworts, although the 
predictive power is only moderate. An additional avenue for further assessing ferns as surrogates for mosses 
and liverworts/liverworts+hornworts is to conduct the analyses within particular biomes. It is expected that 
the correlations would improve, especially for liverworts/liverworts+hornworts-ferns, when the data are 
limited to wetter biomes (see below). 

For both R and RK I . , the correlations between mosses and liverworts/liverworts+hornworts were around 
Margaler 

50%, rising slightly when sample standardisation was used. These results indicate that mosses can serve as a 
proxy for liverworts/liverworts+hornworts. Correlations between liverworts/liverworts+hornworts-ferns also 
improved slightly using standardised richness, increasing by 1%. 

The somewhat greater correlation values between ferns-mosses, rather than ferns-liverworts suggest differences 
in the distribution of mosses and liverworts, relative to ferns. Indeed statistically significant differences have 
been found in the distribution of liverworts compared to mosses in Australia (Stevenson et al. 2012). In general, 
liverworts are more sensitive to drier conditions than mosses, whereas mosses and ferns are able to grow in drier 
environments such as dry sclerophyll forests and even under arid conditions (N. S. Nagalingum, pers. obs.; 
M. A. Renner, pers. comm.). Therefore, moss and fern tolerances are more similar, and thus their distribution 
and species richness patterns show greater congruence. However, these patterns may be confounded by 
collection bias, such that liverworts are collected preferentially in wet areas (since there is greater richness 
there) as compared to more arid regions. 

The conifers were included here as a comparison surrogate to the ferns, and correlations involving conifers 
are all quite low, albeit significant. Of the various groups, conifers were most highly correlated to ferns 
(DE=27.1%), which is not surprising given that ferns have greater tolerance for drier conditions compared 
to liverworts, hornworts and mosses. Given the low values involving conifers, they have very little predictive 
power for any of the groups examined here. 

Other analyses comparing fern richness to bryophyte richness have found similar correlations as recovered 
here (Pharo et al. 1999; Mandl et al. 2010). In a study of coastal lowlands plots in eastern Australia (where 
bryophytes were examined collectively) the r2 was 0.708, which is equivalent to DE of 70.8% (Pharo et al. 
1999); in comparison the DE values recorded herein are lower at 46.2-51.1% (Table 2). Given the limit of the 
study sites to coastal lowlands all with high rainfall, the stronger correlation is not surprising. By comparison, 
our investigation includes multiple climatic zones and rainfall regimes, which likely reduces the strength of the 
correlation. In another study, plots in tropical montane forests in Ecuador yielded similar results to our findings. 
There, the r2 value between ferns-epiphytic mosses was 0.54 (ferns and terrestrial mosses was 0.21), and 0.53 
and 0.64 for ferns-liverworts (epiphytic and terrestrial, respectively) (Mandl et al. 2010). The congruence of 
our results at a continental-scale covering multiple biomes and climatic zones to these two smaller plot-based 
analyses indicates that small-scale patterns are applicable at the large scale. The results further suggest that 
additional broad-scale analyses in other regions could potentially be used to infer bryophyte hotspots using 
ferns. 
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From a conservation-planning standpoint, our results suggest that using surrogates, such as ferns and mosses, 
can assist in the conservation of other plant groups, for instance the liverworts. However, potential surrogates 
that have different ecological preferences to the target groups (for example, conifers compared to liverworts) 
have very limited applicability as proxies. 
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Abstract 

Based on the survey of mosses in West Azerbaijan, Mazandaran and Yazd provinces of Iran, seven species of mosses 

namely, Bryum algovicum, B. creherrimum, B. klinggraeffi, B. mildeanu (Bryaceae), Grimmia plagiopodia (Grimmiaceae), 

Orthotrichum rivulare (Orthotrichaceae), and Didymodon sinuosus (Pottiaceae) are newly recorded for the Iranian 

bryoflora. 

Introduction 

The knowledge about the bryoflora of Iran remains meager. Kiirschner (1996) added 15 taxa to the Iranian 
bryoflora, and Kiirschner et al. (2000) published an updated list of 121 taxa from the Golestan National Park 
(NE Iran) including eight new species. Akhani and Kiirschner (2004) prepared an annotated checklist of the 
Iranian bryoflora including 437 taxa (two hornworts, 68 liverworts and 367 mosses). Kiirschner (2006, 2007, 
2008) constructed keys for the identification of mosses of the near and middle east. Frey and Kiirschner (2010) 
added 42 records to the bryoflora of Iran. Kiirschner and Frey (2011) published a comprehensive report on the 
bryophyte flora of Southwest Asia. Zare et al. (2011) recorded eighteen new mosses from the Flyrcanian forest 
region (N Iran). Fereidounfar et al. (2011) reported Syntrichia norvegica F.Web. from Alvand mountains in 
Hamedan province (W Iran), Shirzadian (2011,2012), and Shirzadian and Akhoondi (2011) made significant 
contribution with the records of many new additions to the bryophyte flora of Iran. 

In the present study, seven species of mosses namely Bryum algovicum Sendtn. ex Miill.Hal., 
B. creberrimum Taylor, B. klinggraeffi Schimp., B. mildeanum Jur. (Bryaceae), Grimmia plagiopodia Hedw. 
(Grimmiaceae), Orthotrichum rivulare Turner (Orthotrichaceae) and Didymodon sinuosus (Mitt.) Delogne, 
(Pottiaceae) are newly recorded from Iran. 

Methods 

Geographic context 

Mazandaran province which embraces Hyrcanian forest, has a richness of biological and cultural diversity, 
with endemic and endangered species and a diverse range of economic and social conditions. This summer- 
green broad-leaved forest reaches up to an altitude of 2600 m and located in north of Iran at the southern 
Caspian coast. Rainfall averages between 1420-1530 mm per annum, with the heaviest precipitation in the 
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Fig. 1. Distribution map of new records of mosses from Iran. 

summer. Temperatures are moderate, ranging from a few below 0° C in December to February to +25° C during 
the summer. West Azerbaijan province is humid, with mean rainfall of about 350 mm with the maximum 

mean temperature of 28.3° C in August and the minimum mean monthly temperature of -5° C in January. 
In contrary, Yazd province is a kind of desert land of centre of Iran, which has a much drier climate. Mean 
monthly temperature reaches 41° C in July and -4.4° C in January. The total annual rainfall is ca 60 mm, the 
minimum c. 0.3 mm in May and maximum c. 18 mm in March (Flosseini et al. 2012). 

Field visits were made in different seasons in 2012 in West Azerbaijan, Mazandaran and Yazd provinces of 
Iran (Fig. 1). The samples of mosses were collected in paper bags and field data were recorded. The samples 
were air-dried in room temperature and stored in the standard paper packet. For morphological observations, 
the samples were soaked in water for a few minutes for their revival. The whole leaf and peristome mounts 
were observed under the microscope (01ympus-BH2) and photographed. Identification of samples was made 
with the help of Smith (2004), Gallego (2005) and Kiirschner and Frey (2011) following the classification 

of Goffinet at al. (2009). The voucher specimens are preserved in the herbarium of the Ministry of Jihad-e- 
Agriculture (“IRAN”) at the Iranian Research Institute of Plant Protection (Tehran, Iran). 

Results and Discussion 

Bryaceae 

Iranian bryoflora includes 26 species of Bryum (Kiirschner and Frey 2011, Akhani and Kiirschner 2004). Here, 
we add four species of Bryum species to the Iranian bryoflora: 

Bryum algovicum Sendtn. ex Miill.Hal. (Fig. 2) 

This species is characterized by its pyriform capsule and exostome with vertical or oblique lines joining 
transverse articulations. The spore size ranges from 28 to 34 pm. On the basis of the colour of basal laminal 
cells, Bryum algovicum differs from its close associate B. uliginosum, as in the former the basal laminal cells are 
reddish while in the latter, these cells have same colour as the other lamina cells (Kiirschner and Frey 2011). We 
found some fertile specimens growing on basic sandy soil in open places, and sporophytic characters helped in 
distinguishing it from its closely related species. B. algovicum has been reported from Afghanistan, Turkey, and 
Syria (Kiirschner and Frey 2011) where it grows on sand-dunes, basic cliff ledges, rock crevices, and quarries. 
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Fig. 2. Bryum algovicum: A. habit; B. capsule without operculum; C. outer surface of exostome teeth; D. outer surface of 

endostome tooth; E. spores; F. leaf; G. upper laminal cells; H. basal cells. 

Specimen examined: Iran: West Azerbaijan province, Orumieh, Movana, Jermi, near Turkey border, on soil, 37°25' N, 

44°43'E, 1860 m, 20 Jun 2012, M. Eskandari (IRAN 0459 B). 

Bryum creberrimum Taylor (Fig. 3) 

This species is distinguished by ovate-lanceolate leaves and peristome with perforations as long as wide. 
Bryum creberrimum is closely related to B. pallescens Schleich. ex Schwagr. (Smith 2004). The minor differences 
are that, the former has smaller spores, widely perforated processes and lanceolate leaves while the latter is 
reported to have comparatively larger spores and ± ovate, shortly pointed leaves. Spence (2005) transferred B. 
creberrimum from Bryum to Ptychostomum, while Kiirschner and Frey (2011) retained it in the genus Bryum. 

Bryum creberrimum has been recorded from Afghanistan, Sinai Peninsula (Egypt) and Turkey in the southwest 
Asia (Kiirschner and Frey 2011). 

Specimen examined: Iran: Mazandaran province, Nowshahr, 10 km to Sisangan, Poshtovan, on stone near 
small stream, 36°36'N, 51°41'E, -15 m, 01 Apr 2013, S. Shirzadian (IRAN 0460 B). 
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Fig. 3. Bryum creberrimum: A. habit; B. capsule; C. annulus; D. outer surface of exostome tooth; E. leaf; F. upper laminal 

cells; G. basal cells; H. corner cells. 

Bryum klinggraeffii Schimp. (Fig. 4) 

This species is characterized by acuminate-lanceolate leaves with denticulate apex, excurrent costa and 
presence of rhizoidal gemmae. Bryum klinggraeffii is morphologically similar to B. violaceum Crunduw. & 
Nyholm., but can be distinguished by its bright crimson gemmae ((80-90 pm diameter) on rhizoids while 
B. violaceum possesses purplish-red gemmae ((60-80 pm diameter) on rhizoids (Kiirschner and Frey 2011). 
The leaves of our specimen are broader then those reported by Kiirschner and Frey (2011), which might be the 
effect of local climatic conditions. 

Bryum klinggraeffii has been reported from Turkey and United Arab Emirates in southwest Asia (Kiirschner 
and Frey 2011). 

Specimen examined: Iran: West Azerbaijan province, Orumieh, Band, Shamlakan, on soil, 37°28'N, 44°59'E, 1730 m, 

20 fun 2012, M. Eskandari (IRAN 0461 B). 
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Bryum mildeanum Jur. (Fig. 5) 

This species is characterized by reddish short excurrent costa, thin walled laminal cells and narrowly ellipsoid 
capsule. Spence (2007) considered this species as Imbribryum mildeanum on the basis of its characteristic 
imbricate leaves, a feature also shared withB. alpinum and B. gemmiparum. Guerra et al. (2008) obtained some 
new gametophytic and sporophytic characters through SEM and molecular data from two chloroplast DNA 
regions (trnL-F and trnG) to resolve the circumscription of these taxa and concluded that B. mildeanum and 
B. alpinum form independent lineages,both separated from B. gemmiparum. 

Bryum mildeanum has been recorded from Lebanon and Turkey in southwest Asia (Kurschner and Frey 2011). 

Specimen examined: Iran: West Azerbaijan province, Orumieh, Movana, Bani, on soil near river, 37°37'N, 44°41'E, 1600 

m, 20 Jun 2012, M. Eskandari (IRAN 0462 B). 

Fig. 4. Bryum klinggraeffii: A. habit; B. capsule; C. peristome teeth; D. annulus and spores; E. rhizoidal gemmae; F. leaf; 

G. upper laminal cells; H. basal and median cells. 
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Grimmiaceae 

There are 15 species of Grimmia Hedw. recorded from Iran. Present collection of Grimmia plagiopodia Hedw. 
is first report in Iran. 

Grimmia plagiopodia Hedw. (Fig. 6) 

This species is characterized by brown-green plant with white leaf tips and mamillose operculum. Grimmia 
plagiopodia is compared with its close associate G. crinita Brid. and distinguished it by straight leaves in dry 
conditions, roundish and smooth capsule and mamillose operculum (Ktirschner and Frey 2011). 

This species has been reported from Afghanistan, Iraq, and Turkey in southwest Asia (Ktirschner and Frey 
2011). 

Specimen examined: Iran: Yazd province, Tezerjan, on stone, 31°34'N, 54°27'E, 2300 m, 17 May 2012, S.A. 

Ismailzadeh (IRAN 0463 B). 

Orthotrichaceae 

Nine species of Orthotrichum are recorded from Iran (Ktirschner and Frey 2011). The present record of 
Orthotrichum rivulare is a new addition to the moss flora of Iran. 

Fig. 5. Bryum mildeanum: A. dry habit; B. moist habit; C. leaf; D. upper laminal cells; E. basal laminal cells. 



Seven new moss records of Iran Telopea 17: 393-401, 2014 399 

Orthotrichum rivulare Turner (Fig. 7 A-C) 

This is a hygrophytic species that previously reported from North America, Europe and Western Turkey 
(Kiirschner and Frey 2011). It belongs to subgenus Pulchella and is characterized by the ovate-lanceolate to 
obtuse leaves, with irregularly dentate apex and plicate, smooth calyptra (Erdag & Kiirschner, 2002). The light 
brown sporophyte and eight recurved exostome teeth are however, similar to those of O. affine (Bosanquet 
2009). 

Specimen examined: Iran: West Azerbaijan province, Orumieh, Band, Shamlakan, on soil, 37°28'N, 44°59'E, 1730 m, 20 

Jun 2012, M. Eskandari (IRAN 0465 B). 

Pottiaceae 

There are 14 species of Didymodon reported from Iran ((Kiirschner and Frey 2011) and present record of 
Didymodon sinuosus is a new addition to the bryoflora of Iran. 

Didymodon sinuosus (Mitt.) Delogne (Fig. 7 D-G) 

This species is characterized by its fragile leaf apex and sinuose leaf margins. Leaf apices in this 
species are often missing and this character separates Didymodon sinuosus from other species 
(Kiirschner and Frey 2011). Didymodon sinuosus is distinguished from a closely related species 
D. tophaceus (Brid.) Lisa by its imbricate leaves in dry condition, broad ovate leaves, costa with ± hexagonal 

Fig. 6. Grimmia plagiopodia: A. habit; B. leaf; C. upper laminal cells; D. leaf cross section. 



400 Telopea 17: 393-401, 2014 Shirzadian, Darzikolaei and Uniyal 

adaxial cells and the smooth lamina cells. Its another close relative Didymodon cordatus Jur. is distinguishable 
by its wider costa and axillary gemmae. According to Smith (2004), D. sinuosus is found on damp shaded 
usually basic rocks by streams and rivers and also in sheltered habitats on walls and old buildings, among tree 
roots in woodland. Kiirschner and Frey (2011) have reported it from Lebanon, and Turkey in southwest Asia. 

Specimen examined: Iran: West Azerbaijan province, Orumieh, Band, Shamlakan, on soil, 37°28'N, 44°59'E, 1730 m, 20 

Jun 2012, M. Eskandari (IRAN 0466 B). 

Fig. 7. Didymodon sinuosus: A. habit; B. leaf; C. lower laminal cells; Orthotrichum rivulare: D. habit; E. leaf; F. upper 

laminal cells; G. lower laminal cells. 
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Abstract 

It is clearly evident that the bryophyte flora of the islands of Fiji remains inadequately documented. Here, five liverwort 

species of Lepidoziaceae are reported as new to the Republic of Fiji: Lepidozia haskarliana, Neolepidozia cuneifolia, 

N. wallichiana, Telaranea major and Tricholepidozia melanesica. 

Introduction 

Conservation International identified all the islands of Micronesia and Polynesia, including the islands of Fiji, 
as the Polynesia-Micronesia hotspot, one of thirty-five global biodiversity hotspots in the world (Mittermeier et 
al. 2005). Fiji consists of over 300 islands of varying sizes with an aggregate land area of about 18,300 km2 as well 
as many smaller islets and off-shore rocks (Department of the Environment 1997). Alarmingly, Conservation 
International recognized this hotspot as having one of the highest extinction rates in the world. In 2011, von 
Konrat and colleagues provided an overview of the state of floristic knowledge of Fijian liverworts at that 
time, noting that very few publications have focused solely on collections from Fiji (von Konrat et al. 2011). 
However, in the last decade, there has been increased interest in the Fijian liverwort flora, e.g., Poes (2008a, b), 
Poes et al. (2011), Soderstrom et al. (2011) and field programs have been supported by a variety of agencies 
and foundations (von Konrat et al. 2011). This paper reports five new records of Lepidoziaceae collected on 
joint expeditions since 2008, which included Dr. Elizabeth A. Brown, who was not only an avid collector in the 
field, but who also played an instrumental role in expedition logistics and was a great companion to all. This 
paper is dedicated to her in memory of her expertise, passion and interest in Lepidoziaceae, and especially her 
pioneering molecular investigations into the family. 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 
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Heslewood and Brown (2007) carried out the first molecular investigation of the family and indicated that 
taxonomic concepts of a number of subfamilies and genera required reassessment. Subsequently, Cooper et 
al. (2011) expanded that initial study incorporating sequences from 10 loci to estimate the phylogeny of 93 
species from Lepidoziaceae. Their study provided strong molecular evidence against the monophyly of three 
subfamilies; Lepidozioideae, Lembidioideae and Zoopsidoideae, and seven of the 20 sampled genera, including 
Lepidozia, Telaranea, Kurzia, Zoopsis, Lembidium, Paracromastigum and Chloranthelia. Together with a detailed 
investigation of the Lepidozioideae (Cooper et al. 2012), these phylogenetic studies formed the basis of an 
interim classification provided by Cooper (2013), in which Neolepidozia and Tricholepidozia were reinstated 
and a new genus, Ceramanus (Cooper et al. 2013), recognized. Although a number of uncertainties remain, 
as emphasised by Cooper (2013), we follow the classification and concepts of that paper, which also follows 
the classification of the forthcoming worldwide first ever worldwide checklist of liverworts and hornworts 
(Soderstrom et al. 2012). While this is not itself without contention, the second author (JE) adheres to the 
intrafamilial classification of Lepidoziaceae given in Engel and Glenny (2008), these differences of opinion do 

not impact upon the new records reported here. In this paper we have focused on species of the subfamilies 
Lepidozioideae and Zoopsidoideae for Fiji. The subfamily, Bazzanioideae, which includes the species rich 
genus Bazzania, still requires further investigation. 

The new reports for Fiji are not surprising, as these species have been reported from neighbouring Vanuatu 
and elsewhere in the Southwest Pacific. Similar patterns have been well documented for many seed plants 
throughout Melanesia (Heads 2006). However, a thorough investigation of Lepidoziaceae from this region is 

required and may perhaps uncover over-inflated species numbers as well as reveal as yet undescribed taxa in 
the region. 

This paper also underscores the critical importance of herbaria as reservoirs of undescribed and undocumented 
diversity (Bebber et al. 2010). Herbarium-based taxonomic research activity has a pivotal role in the 
documentation of the world’s flora and there is an urgent need for widened access to global collections through 
specimen exchange and the large scale digitization of existing specimens (Wheeler 2008). This is exemplified 
by the important contribution the private herbarium of the esteemed bryologist Rudolf M. Schuster made 
to the present study. This collection, which contains historical collections from Fiji dating back to 1968, was 
recently transferred to The Field Museum (F). 

Methodology and materials 

All specimens were identified by M. von Konrat and J. Engel in consultation with other authors. John Engel 
(second author) also has seen most of the type specimens associated with these new reports as part of a 
previous study (Engel and Merrill 2004). Herbarium acronyms follow Holmgren and Holmgren (2003). All 
specimens are deposited in F, with duplicates in SUVA and NSW. For many taxa the distribution has been 
extracted from the Early Land Plant Today (ELPT, http://elpt.fieldmuseum.org/) databases of Soderstrom 

and Hagborg to supplement cited literature; the distribution and mapping of ELPT is described by von Konrat 
et al. (2010). Type details are also derived from the ELPT project unless otherwise stated. Digital images were 
taken using an Olympus BHS22 compound microscope and a Wild stereo microscope both equipped with 
JENOPTIK ProgRes C3 and C5 (Jena, Germany) digital cameras; images were stacked using Zerene Stacker 
Professional Edition. 

New records for the islands of Fiji 

Lepidozia haskarliana (Gottsche, Lindenb. & Nees) Steph., Species Hepaticarum 3: 614 (1909). Fig. 1 

Basionym: Lepidozia supradecomposita |3 haskarliana Gottsche, Lindenb. & Nees, Synopsis Hepaticarum, fasc. 
2: 202 (1845). 

Type citation: “Habitat in montosis regionis orientalis et australis districtus Bantam Javae insulae (Blume et 
Hasskarl in Hb. N., L. et Eg.)”. 

Illustrations: Mizutani (1968: 153), Fig. 113-25; Piippo (1984: 323), Fig. 8c—j. 

Specimens examined: Fiji: Viti Levu: Mt. Tomanivi, summit area, in mossy “elfin” woodland, 3900-4300 ft, 2 Jul 1967, 

R.M. Schuster 67-7924 (F-C0312489F); Mt. Tomanivi, summit area, c. 2.5-3 miles E of Navai, in wet, dense rain forest, 

associated with Psiloclada, Herberta, Plagiochila, Bazzania sp. {R.M. Schuster 56454a, b, c), 17°38' S, 178° E, 4200-4300 

ft, 2 Jul 1967, R. M. Schuster 56454d (F-C0312490F); Mt. Tomanivi, summit, c. 2.5-3 miles E of Navai, in wet, dense 

rain forest, 17°38' S, 178° E, 4200-430 ft, 2 Jul 1967, R. M. Schuster 56440a, (F-C0312491F); Mt. Tomanivi, summit, 

c. 2.5-3 miles E of Navai, in wet, dense rain forest, 17°38' S, 178° E, 4200-4300 ft, 2 Jul 1967, R.M. Schuster 56440 
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(F-C0312492F); Mt. Tomanivi, summit, in mossy “elfin” woodland, 3900-4300 ft, 2 Jul 1967, R. M. Schuster 67-7952 

(F-C0312493F); Mt. Tomanivi, along ridge line near summit area, cloud forest, on bryophyte-covered floor, 1400 m, 

18 Apr 2008, M. von Konrat 4351 & A. Naikatini (F-C0312494F); Rairaimatuku Plateau, accessed from road near a 

telecommunication tower, 16 km S of Monasavu, cloud forest, 17°47'31" S, 178°01'13.9" E, 1260 m, 15 Apr 2008, M. von 

Konrat 4120 (F-C0312495F), at base of trunk of Calophyllum; Naitasiri Prov., Rairaimatuku Plateau, accessed from path 

near a telecommunication tower, 17°47'31" S, 178o01'13.9" E, 1260 m, 3 Sep 2011, L. Briscoe 11/093 (F); Rairaimatuku 

Plateau, on trunk of tree fern, 17°47'31.74" S, 178°00'32.22" E, 1265 m, 17 Oct 2012, M. Katafono M-332-B (SUVA); 

Rairaimatuku Plateau, accessed from road near a telecommunication tower, 16 km S of Monasavu, cloud forest, 17°47'31" 

S, 178o01'13.9" E, 1260 m, 15 Apr 2008, M. von Konrat 4117 (F-C0312496F), forming large loose mats on ground under 

dense vegetation at base of Blechnum-covered bank; Nabukelevu mountain above Nadakuni Village and between Waiaboa 

Stream and Sovi Basin, S 17°56'59" S, 178°16'16" E, 720 m, 1 Sep 2011, M.A.M. Renner 5507, M. von Konrat & F. Rakoro 

(NSW880391), forming black, wiry, loose mats in partial shade on rock at base of bluff with NE aspect. 

Recognition: The plants are easily recognized in the field, appearing distinctly wire-like or filiform (Fig. 1) 
sometimes forming conspicuous, moderately sized, loose mats (up to 15 cm diam.). The leaves are very small, 
more or less as wide as the stems, appearing almost scale-like, and very widely separated from each other. 
There are several Lepidozia species in Australasia and Melanesia with the filiform branching and minute 

Fig. 1. Lepidozia haskarliana (Gottsche, Lindenb. & Nees) Steph., 1. plant habit. 2. scale-like leaves in relation to stem. 

3. underleaf, less than the width of the stem. 4. stem leaf. All from M. von Konrat 4351 & A. Naikatini 
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leaves. In Melanesia there are at least five species with this distinctive vegetative form (Piippo 1984). Lepidozia 
haskarliana can be distinguished from these by the combination of the subrectangular stem leaves that are 3 or 
4 lobed and the branch underleaves narrower than the stem. 

Distribution: Lepidozia haskarliana was previously reported from Malaysia (Sabah), Indonesia (Jawa, Seram, 
Maluku, Papua), Philippines (Luzon, Negros), Papua New Guinea and the Solomon Islands (Grolle and Piippo 
1984; Piippo 1984; ELPT database). Here it is reported for Fiji from Viti Levu. 

Habitat: Lepidozia haskarliana would appear to be a relatively common plant in areas of high precipitation, 
particularly in “mossy” cloud forests or moist habitats where it inhabits deeply to moderately shaded habitats 

Fig. 2. Neolepidozia cuneifolia (Steph.) Fulford & J.Taylor, 1. plant habit. 2. lateral branches showing subfalcate branch 

leaves. All from M. von Konrat 12341, M. Katafono, B. Shaw & A. Naikatini. 
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on the forest floor. It has been found growing at the base of tree trunks or under dense vegetation and appears 
to be particularly common in cloud forests of summit areas. 

Neolepidozia cuneifolia (Steph.) Fulford & J.Taylor, Brittonia 11: 85 (1959). Figs 2, 3 

Basionym: Lepidozia cuneifolia Steph., Species Hepaticarum 3: 612 (1909). 

Type citation: PAPUA NEW GUINEA. Moresby: in montosis Moroka, 1300 m, 1893, Loria, in Herb. Levier. 

Lectotype (Cooper et al. 2013): PAPUA NEW GUINEA: Central (Womersley 1978): Port Moresby: Mount 
Moroka (Astrolabe Range), 1300 m, anno 1893, Loria s.n., in Herb. Stephani 11916 (G69618). 

Illustration: Piippo (1984: 315), Figs 4c, f, h, j. 

Specimens examined: Fiji: Vanua Levu: Waisali Dakua National Trust Forest Reserve, in gully of Agathis forest, 12 Jul 

2006, M. von Konrat 06/9-3, J. Braggins & A. Naikatini, on soil of stream margin (F-C0312503F); Waisali Dakua National 

Trust Forest Reserve, in gully of Agathis forest, 2 May 2012, M. von Konrat 12341, M. Katafono, B. Shaw &A. Naikatini, on 

soil of stream margin (F-C0312515F). 

Recognition: Engel and Merrill (2004) provided a detailed account distinguishing between Neolepidozia 

cuneifolia and a morphologically very similar taxon, N. wallichiana. One chief difference is that the branch 
leaves are subfalcate and asymmetrically lobed in Neolepidozia cuneifolia and have a disc of up to 8 cells 
high in the Fijian plants (Figs 2, 3) whereas N. wallichiana has a disc less than 8 cells high and more or less 
symmetrically lobed (Fig. 4). One feature that has not been described is that the branch underleaves are always 
bilobed in N. cuneifolia whereas they are (2 or) 3 or 4 lobed in N. wallichiana. Material was also examined 
from Papua New Guinea where these features seemed to be consistent. 

Fig. 3.Neolepidozia cuneifolia (Steph.) Fulford & J.Taylor, 1. main stem leaves with 4 lobes. 2. subfalcate branch leaves. 

3. stem underleaf, 4-lobed. 4. branch underleaf, 2-lobed. All from M. von Konrat 12341, M. Katafono, B. Shaw &A. Naikatini. 
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Distribution: The species has previously been reported for Indonesia (Ambon, Maluku), Papua New Guinea 
New Caledonia, Vanuatu and Tahiti (Engel and Merrill 2004) and its distribution is extended here to Fiji, from 
the highlands of Vanua Levu. 

Habitat: The habitat preference of this species is similar to many Neolepidozia species growing in moist habitats, 
often on trunks of tree ferns, or rotting logs and tree stumps. 

Notes: Neolepidozia cuneifolia and N. wallichiana belong to a species complex (Engel and Merrill 2004). 
Neolepidozia cuneifolia was synonymized by Inoue (1979), who was followed by Piippo (1984), and Grolle 
and Piippo (1984). On the other hand, Engel and Merrill (2004) retained Neolepidozia cuneifolia and N. 
wallichiana as two distinct species as recognized here. 

Neolepidozia wallichiana (Gottsche) Fulford & J.Taylor, Brittonia 11(2): 84 (1959). Fig. 4 

Basionym: Lepidozia wallichiana Gottsche, Synopsis Hepaticarum, fasc. 2: 204 (1845). 

Lectotype (Piippo 1984): Nepal: s. loc., without date, Scouler s.n., in Herb. Gourlieano (W4642). 

Fig. 4. Neolepidozia wallichiana (Gottsche) Fulford & J.Taylor, 1. stem leaf. 2. plant habit. 3. lateral branch leaves. 

4. branch leaf, subrectangular. All from R. M. Schuster 67-7925. 
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Illustrations: Hattori and Mizutani (1958: 87) Fig. Ill 1-15; Piippo (1984: 315) Fig. 4a-c, e, f, h, j. 

Specimens examined: Fiji: Viti Levu: Summit of Mt. Tomanivi, in mossy “elfin” woodland, 3900-4300 ft, associated 

with Bazzania and Schistochila, on peaty soil at tree base, 2 Jul 1967, R.M. Schuster 67-7925 (F-C0312497F); Kadavu: 

Mt. Nebukalevu, on shaded rock wall in cloud forest, 566 m, 9 Oct 2011, L. Soderstrom 2011/212 (TRH). 

Recognition: Engel and Merrill (2004) provided a detailed account distinguishing between Neolepidozia 

wallichiana and a morphologically similar taxon, N. cuneifolia. The key differences are summarized above 
under N. cuneifolia. Figure 4 illustrates one of the critical differences that Engel and Merrill (2004) recognise 
with Neolepidozia wallichiana, i.e., the more or less symmetrically lobed branch leaves. In contrast, the branch 
leaves of N. cuneifolia are subfalcate and asymmetrically lobed (Figs 2,3). Engel and Merrill (2004) and Piippo 
(1984) noted that Neolepidozia wallichiana is a widely distributed polymorphic species. However, Engel and 
Merrill (2004) predicted that rather than a single species a number of distinct taxa are possibly involved and 
the species complex warrants further investigation. 

Fig. 5. Telaranea major (Herzog) J.J.Engel & G.L.Merr., 1. plant habit. 2. base of stem leaf. 3. bi-lobed stem leaves. 

All from M. von Konrat 8908, M. Katafono & S. Tuiwawa. 
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Distribution: Engel and Merrill (2004) noted that if the recorded distribution Neolepidozia wallichiana (as 
Telaranea wallichiana) is true, then this species has a remarkably wide distribution ranging from the Himalayas 
to Japan, south to Sri Lanka and the Solomon Islands. However, they noted that published statements of 
distribution should be re-evaluated upon further investigation of this species complex. 

Habitat: This taxon also has a habitat preference similar to many Neolepidozia species growing in moist 
habitats, often on trunks of tree ferns, or rotting logs and tree stumps. 

Notes: Soderstrom et al. (2011) listed Neolepidozia wallichiana (as Telaranea wallichiana) as doubtful status 
for Fiji. Soderstrom et al. (2011) noted that Engel and Merrill (2004) did not acknowledge the taxon growing 
anywhere in the Pacific, although they did indeed note the Solomon Islands. 

Telaranea major (Herzog) J.J.Engel & G.L.Merr., Fieldiana: Botany (n. ser.) 44: 165 (2004). Fig. 5 

Basionym: Arachniopsis major Herzog, Transactions of the British Bryological Society 1(4): 294 (1950). 

Lectotype (Piippo 1984): MALAYSIA: Sarawak: Dulit Ridge, Dulit Trail, c. 800 m, on sandstone rock, 
Richards 2579 (JE); isolectotype: MU! 

Illustrations: Herzog (1950: 295), Figs 12a-c, 13a, b; Piippo (1984: 171), Fig. la, b. 

Specimens examined: Fiji: Viti Levu: summit of Mt. Nabukelevu, windswept cloud forest, bryophyte covered floor, 

17°56'59" S, 178°16T6" E, 720 m, 1 Sep 2011, M. von Konrat 8896, on decorticated log (F-C0312499F); Rairaimatuku 

Plateau, accessed from road near a telecommunication tower, 16 km S of Monasavu, cloud forest, 17°47'31"S, 

178°01T3.9nE, 1260 m, 3 Sep 2011, M. von Konrat 8908 with M. Katafono & S. Tuiwawa, on decorticated log 

(F-C0312500F); Rairaimatuku Plateau, accessed from road near a telecommunication tower, 16 km S of Monasavu, cloud 

forest, 17°47'31" S, 178°01'13.9" E, 1260 m, 15 Apr 2008, M. von Konrat 4558, over dead decaying matter on forest 

floor (F-C031250IF); Rairaimatuku Plateau, accessed from road near a telecommunication tower, 16 km S of Monasavu, 

cloud forest including Metrosideros, 17°47'31" S, 178°01T3.9" E, 1260 m, 15 Apr 2008, M. von Konrat 4474, on dead 

and decaying matter at base of Metrosideros (F-C0312502F). 

Recognition: The plant forms soft, velvet-like fine mats similar to Neolepidozia species in Fiji, but is immediately 
recognized under the hand lens by the bilobed stem leaves. The lobes form a uniseriate row up to 8 cells long 
(Fig. 5). The plants are similar to another species that is bilobed, Telaranea rosarioana H.A.Mill., originally 
described from Vanuatu, and reported in Fiji by Poes et al. (2011). However, the leaf lobes of Telaranea major 

Fig. 6. Tricholepidozia melanesica (H.A.Mill.) E.D.Cooper, 1. stem leaf, 4-lobed. 2. stem leaf, disc, 2 cells high. All from 

R. M. Schuster 67-7977b. 
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are smooth, uniseriate throughout and lacking a disc, whereas the lobes of Telaranea rosarioana are united 
for about 0.5-0.7 times their length and have a small disc as well as a punctate leaf surface (Engel and Merrill 
2004; Poes et al. (2011). 

Distribution; Telaranea major has a broad distribution ranging from Sri Lanka, Malaysia (peninsular Malaysia, 

Sarawak, Sabah), Indonesia (Sulawesi, Maluku - Ceram, Papua), Philippines (Negros), Papua New Guinea, 
and Vanuatu (Engel and Merrill 2004; ELPT database). 

Habitat: In montane or cloud forests often on trunks of tree ferns appearing at summit areas that capture 
cloud and high precipitation above 700 m in elevation. 

Notes: The species was also discussed by Engel and Merrill (2004). 

Tricholepidozia melanesica (H.A.Mill.) E.D.Cooper, Phytotaxa 92(2): 60 (2013). Fig. 6 

Basionym: Telaranea melanesica H.A.Mill., Journal of Bryology 14: 237 (1986) (Miller 1986). 

Type: VANUATU: Erromango: Mt. Fedmoghum, c. 630 m, Miller 15157 (holotype MU!) 

Illustrations: Miller (1986: 238,241), Figs 3a-f, 4a-c. 

Specimens examined: Fiji: Viti Levu: summit of Mt. Tomanivi, in mossy “elfin” woodland, 3900-4300 ft, 2 fill 1967, RM. 

Schuster 67-7977b (F-C0312498F); on the ridge of Rairaimatuku Plateau, 2 km E of Monasavu Dam, shady, very wet elfin 

forest dominated by Dicksonia brackenridgei, on the SW side of a summit, 17°45'21" S, 178°04'09" E, 1050-1070 m, 16 Apr 

2008, M. von Konrat 4600 (F-C0312504F); Monosavu, by the telecommunication tower, on laying tree stem in cloud forest, 

Oct 4 2011, L .Soderstrom 2011/118 (TRH). Kadavu: Namara road, on a very rotten log among vegetation by roadside in 

disturbed lowland rain forest, 145 m, 7 Oct 2011,1. Soderstrom 2011/163 (TRH); Mt. Nebukalevu, on a tree base in cloud 

forest, 566 m, 9 Oct 2011, L. Soderstrom 2011/202 (TRH). 

Recognition: In Fiji, Tricholepidozia melanesica may be distinguished from other species of the subfamily 
Lepidozioideae by a combination of the stem leaves with 3 or 4 lobes, the low lying disc of only 2 (or 3) cells 
high and the 4-lobed stem underleaves (Fig. 6). Miller (1986) provided a further distinction between the 
purportedly allied taxa, Tricholepidozia neesii, T. bisetula and T. jowettiana of the tropical Pacific. Further 
investigation is required for the species complex in the region. 

Distribution: Tricholepidozia melanesica was originally described from Vanuatu by Miller (1986), but Engel 
and Merrill (2004) erroneously stated it that was endemic to Fiji. Soderstrom et al. (2011) subsequently 
excluded it from their checklist of liverworts and hornworts of Fiji. However, plants matching the type and the 
description of Tricholepidozia melanesica are here now documented from the islands of Kadavu and Viti Levu. 

Habitat: On large tree roots, rotting logs and found on trunks of the tree fern, Dicksonia. 
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Abstract 

The new species Prostanthera elisabethae B.J.Conn & T.C.Wilson (Lamiaceae) is described for the first time. The distribution 

and abundance of this species is inadequately known, having only been collected from near Ashby, on the North Coast of New 

South Wales, Australia. Although very similar to P. linearis, this taxon is different by having longer pedicels. Measurements 

and figures accompany the description provided here to substantiate this as a new species. 

Introduction 

An undescribed species of Prostanthera (Lamiaceae) was discovered in the Ashby region of the North Coast, 
New South Wales, Australia, occurring on private property in close proximity to the Sandy Creek and 
Mangrove Creek areas. The one putative population was surveyed in November 2014 and was found to consist 
of dispersed single individuals or small clusters of plants, occurring in an area of c. 1 hectare, with as few as 
five individuals per cluster, and with a larger cluster estimated to contain between 80-120 individuals (Conn 
5908, 5909, 5911-5914). 

This taxon is morphologically similar to P. linearis R.Br., P. nivea A.Cunn. ex Benth., P. phylicifolia F.Muell. 
and P. scutellarioides F.Muell. because they all are open, erect, spreading shrubs with narrow leaves and 
flowers arranged in leafy botryoids. It most resembles P. linearis in that both have distinctly ridged or winged 
branches that are mostly glabrous, except for a band of minute hairs (sometimes only a few) at or near nodes 
(Table 1). These hairs sometimes extend distally along the adaxial side of the short shoots. However, this taxon 
is here described as new because it has much longer pedicels (10-20 mm long) and a longer abaxial calyx lobe 
(compared to adaxial lobe) than all of the above species. Although not so important to the recognition of 
P. elisabethae, the calyx abaxial lobe of P. scutellarioides is often refuse with two sharp points, and hence, differs 
from all of the above species discussed here. 

A description of P. elisabethae, including images, comments on conservation status, and a modification of the 
New South Wales key to species of Prostanthera (Conn 1992,1993) is provided. Specimens examined are listed 
according to botanical regions of New South Wales (Anderson 1961; Jacobs and Pickard 1981). 

© 2014 Royal Botanic Gardens and Domain Trust A special issue honouring Elizabeth Anne Brown 1956-2013 



414 Telopea 17: 413-418, 2014 Conn and Wilson 

Table 1. Comparison of selected morphological characters useful for distinguishing between Prostanthera elisabethae and 

other morphological similar species 

Species 

Morphological 
Characters 

P. elisabethae P. linearis P. nivea P. phylicifolia P. scutellarioides 

Branches 
4-winged or 

strongly 4-ridged 

4-winged or 

strongly 4-ridged 

not distinctively 

ridged 

not distinctively 

ridged 

not distinctively 

ridged 

Branch 

indumentum 

few hairs at nodes, 

otherwise glabrous 

narrow band of 

hairs at nodes and 

on base of short 

shoots 

hairy hairy hairy 

Leaf lamina 
slightly recurved or 

revolute 

slightly recurved 

or revolute 
flat or incurved 

slightly recurved or 

revolute 

recurved or 

revolute 

Pedicel length (mm) 10-22 c. 2-4 c. 1-3 c. 1-2 c. 1-4 

Pedicel to flower 

length ratio 
at least 1:1 1:4 1:5 1:7 1:2 

Taxonomy 

Prostanthera elisabethae B.J.Conn & T.C.Wilson, sp. nov. Figs 1,2 

Diagnosis: Prostanthera elisabethae differs from P. linearis R.Br. by its long pedicels (10-20 mm long; 
c. 2.5 mm long in P. linearis), longer abaxial calyx lobe compared to the adaxial lobe (lobes equal or almost so 
in P. linearis), the apex of the adaxial calyx lobe being rounded (distinctly apiculate in P. linearis). 

Type: Australia: New South Wales: North Coast: near Ashby (precise locality withheld due to conservation 
concerns), B.J. Conn 5911 & H.M. Conn, 3 Oct 2014 (holotype: NSW870879; isotypes: BRI, CANB, K, MEL). 

Erect to spreading shrub, to 2(-2.5) m tall, 1-2 m wide (Fig. la). Branches quadrangular, distinctly 4-ridged to 
4-winged (Fig. lc),non-glandular or indistinctly glandular,glabrous,exceptforafewminutehairsatornearnodes 
between base of opposite leaves, often extending from node of short shoots arising from branches along more 
basal internode; hairs simple, straight to curled, mostly antrorse, 0.1-0.2 mm long, white; short shoots densely 
glandular, with glands sub-spherical, small, 0.15-0.2 mm diam. Leaves green, slightly aromatic to non-aromatic 
when crushed. Petiole indistinct, c. 1 mm long. Lamina oblong to narrowly elliptic when flattened, 15-2 6 mm long, 

1.5-2 mm wide, sometimes appearing linear because margin slightly recurved to revolute, sometimes with only 
abaxial surface of mid-vein visible, green, moderately glandular on both surfaces with glands hemispherical, 
0.15-2 mm diam.; adaxial surface with mid-vein slightly depressed; abaxial surface with mid-vein distinct and 
raised, lateral veins not visible to indistinct; base shortly attenuate; margin slightly recurved to revolute, entire; 
apex subacute, sometimes slightly hooked. Inflorescences [conflorescences] foliose, botryoidal; uniflorescences 
monadic, hence flowers occurring singularly in distal axils. Podium (pedicel - Fig. 2d) 10-22 mm long, glabrous, 
± maroon throughout, darker distally (propodium to anthopodium ratio 10-15; anthopodium indistinct). 

Prophylls persistent, often slightly sub-opposite to distinctly so, inserted below base of calyx, linear to very 
narrowly elliptic, 1.5-2.7 mm long, 0.3-0.5 mm wide; margin sparsely hairy towards base, with hairs white, 
spreading to antrorse, 0.1-0.2 mm long. Calyx green on abaxial surface, maroon adaxially, especially on adaxial 

lobe; outer surface glabrous, except for a few hairs near sinus, moderately glandular; inner surface densely 
hairy towards margin of lobes, glabrous basally; tube 3-3.5 mm long; lobes with margin slightly fimbriate, 
with a few white hairs up to 0.2 mm long; abaxial lobe broadly ovate, 2.2-2.5 mm long, 1.5-3 mm wide, 
apex rounded; adaxial lobe broadly ovate, 1.5-2.2 mm long, c. 3 mm wide; apex rounded and apiculate. 
Corolla 12-13 mm long, pink-mauve, paler to almost white toward base of lobes, with darker maroon and dull 
orange markings in throat, and sometimes two dull orange markings on abaxial lobe (Fig. 2 a-c), outer surface 
very sparsely hairy (hairs 0.4-0.5 mm long), inner surface sparsely hairy distally, with hairs white, spreading, ± 

curled, (0.2-)0.6-l mm long; tube 5-6 mm long; lobes moderately hairy basally (as for inner surface of tube) with 
white hairs, margins distally undulate and variously irregular; abaxial lobe broadly elliptic to almost broadly 
spathulate,6-8 mmlong, 7-7.5 mmwidenearapex,apexroundedandbilobed (sinus l-1.2mmlong,c.2mmwide 
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distally); lateral lobes broadly elliptic, 4.5-6 mm long, 4.5-5.2 mm wide, apex broadly obtuse to rounded; adaxial 
median lobe-pair very depressed ovate, 1-2 mm long, 9-10 mm wide together, apex bilobed. Stamens inserted 

2-5mmabovebaseofcorolla;filamentsl.5-2.5mmlong;anthers0.8-lmmlong,connectivewithtrichomeswhite, 
O. 1-0.2 mm long, extended to form a basal appendage 0.6-0.9 mm long, terminating in narrowly triangular 

trichomes up to 0.1 mm long. Pistil 7.5-9 mm long; ovary c. 0.6 mm long; stigmatic lobes to 0.4 mm long. 
Mericarps maturing to dark brown, 1.5-1.7 mm long, minutely papillose, distally 1-1.2 mm extended beyond 
base of style. Seeds not seen. 

Other specimens examined: Australia: New South Wales: North Coast: Ashby area, Conn 5908 & H.M. Conn, 3 Oct 2014 

(BRI, NSW), 5909 (BRI, NSW), 5912 (BRI, MEL, NSW), 5913 (MEL, NSW), 5914 (BRI, NSW);/. Mousleys.n., 31 Jul 2006 

(CFSHB33319,NSW840984); S.P. Phillips&B.A. Phillips 1194,14 Jul 2004; 1282,8 May 2005; 1286,10 May 2005 (all BRI). 

Notes: The long podium (pedicel) characteristic of this species is unusual in Prostanthera, only known in the 
Western Australian species, P. pedicellata B.J.Conn (Conn 1984), a member of P. sect. Klanderia (F.Muell.) 
Benth. The characteristics of the calyx and corolla shape, and corolla colour, suggest that this species belongs 
to P. section Prostanthera (Conn 1988, 1992, 2004). Even though it has entomophilous characteristics of 
P. sect. Prostanthera, it still could be related to P. pedicellata because the current sectional classification may be 
artificial. Wilson et al. (2012) concluded that P. sect. Prostanthera and P. sect. Klanderia could not be resolved 
as monophyletic groups based on molecular data. 

When compared with other species of P. sect. Prostanthera, this species appears to be morphologically similar 
to P. linearis, P. nivea, P. phylicifolia and P. scutellarioides; however, the latter four species have shorter pedicels 
and a longer adaxial calyx lobe in relation to the abaxial calyx lobe. Prostanthera nivea, P. phylicifolia and 
P. scutellarioides differ by not having distinct ridges or wings on the stem, which is hairy, or at least has hairs in 
the grooves between the shallow ridges. Prostanthera nivea has leaves that are weakly incurved or flat, or almost 
so, whereas P. elisabethae have leaves that are slightly recurved to revolute. Prostanthera linearis sometimes 
has flowers arranged as terminal racemose inflorescences where flowers are subtended by caducous bracts or 
reduced leaves; as of yet, this has not been observed on P. elisabethae. Although the calyx lobes of P. linearis are 
almost equal, the adaxial lobe of this species is distinctly apiculate. 

Etymology: The specific epithet is based on the well-established Latinized form of ‘Elizabeth’, namely 
‘Elisabeth’. This species is named after our very close friend and colleague, the late Elizabeth Anne Brown 
(1956-2013, Fig. 3) in recognition of her contribution to systematic botany and specifically for accompanying 
Barry Conn while searching for species of Prostanthera in northern New South Wales. 

Distribution: Prostanthera elisabethae is only known from the Ashby area, near Maclean, North Coast, New 
South Wales. 

Habitat: This species occurs in Eucalyptus pilularis-Corymbia intermedia dry sclerophyll forest in ridge-line 

communities (Fig. la) and on lower slopes in wet sclerophyll forests, on sandy soils derived from sandstone 
(Mousley s.n.), and at elevations of about 35-100 m (Conn 5908, 5909, 5911-5914; Phillips & Phillips 1194, 
1282, 1286). It forms part of the open to moderately dense understorey that reaches up to 2.5 m containing 
Lambertia formosa, Persoonia laevis, Pteridium esculentum and Dianella sp. 

Conservation status: The conservation status of Prostanthera elisabethae is data deficient and the level of 
threat should be assessed as a matter of urgency since its known distribution is restricted to privately held land 
in the Ashby region of northern New South Wales. When the population was surveyed in October 2014 it was 

noted that juvenile plants (Fig. lb) were common. Regeneration appears to be from seeds rather than from 
under-ground stems (Conn 5909). 
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Fig. 1. Prostanthera elisabethae. a, habit of mature plant, b, juvenile plant, c, ridged stem of mature plant, 

d, flowering branchlet. Photographs: B.J. Conn 

Key to species 

An excerpt from the key to the New South Wales species of Prostanthera (Conn 1992) is here amended to 
incorporate P. elisabethae. 

28 Branches glabrous, except for nodes. 28a 

28a Nodes and bases of short shoot distinctly hairy; inflorescences terminal, racemose, with flowers 
occasionally clustered; flower approximately 4 times longer than pedicel; bracteoles (prophylls) 
opposite; adaxial calyx lobe apiculate and approximately equal in size to abaxial calyx lobe. 
. P. linearis 

28a*Nodes with a few short hairs present; inflorescences foliose, hence flowers appearing to be axillary, 
never clustered in terminal racemose inflorescences; pedicels as long as or up to 2 times as long as 
the flower; bracteoles (prophylls) more or less subopposite; adaxial calyx lobe rounded, shorter than 
abaxial calyx lobe . P. elisabethae 

28* Branches hairy throughout. 29 
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Fig. 2. Prostanthera elisabethae. a, open corolla, showing stamens and staminal connectives in early anthesis. b, open 

corolla, showing stamens repositioning as the anthers begin to senesce. c, open corolla at late anthesis, showing stamens 

repositioned and style curved downwards, d, fruiting branchlet, showing leaves, long podiums, immature fruiting calyx 

(below), with abaxial lobe of calyx infolded and enclosing developing mericarps, and mature fruiting calyx (above). 

Scale bar: a-d = c. 2.5 mm. Photographs: B.J. Conn 
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